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Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 

1 . 13 This is a FIRST submission of items concerning a filing under 35 U.S.C. § 371 . 

2. □ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. § 37L 

3. □ This is an express request to begin national examination procedures (35 U.S.C. § 37 1(f) at any time rather than 

delay examination until the expiration of the applicable time limit set in 35 U.S.C. § 371(b) and PCT Articles 

22 and 39(1). 



5. 13 



A proper Demand for International Preliminary Examination was made by the 19''' month from the earliest claimed priority date. 
A copy of the International Application as filed (35 U.S.C. § 371(c)(2)) 

a. 13 is transmitted herewitii (required only if not transmitted by the International Bureau). 

b. □ has been transmitted by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 

6. □ A translation of the International Application into English (35 U.S.C. § 371(c)(2)). 

7. 13 Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. § 371 (c)(3)) 

a. □ are transmitted herewitfi (required only if not transmitted by the International Bureau). 

b. C have been transmitted by the International Bureau. 

c. n have not been made; however, the time limit for making such amendments has NOT expired. 

d. E have not been made and will not be made. 

8. □ A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. § 371(c)(3)). 

9. 13 An oath or declaration of the inventor(s) (35 U.S.C. § 371(c)(4)). (Unsigned). 

10. □ A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 (35 U.S.C. § 371(c)(5)). 



Items 11. to 16. below concern document($) or information ineluded: 

1 L □ An Information Disclosure Statement under 37 C.F.R. §§ 1.97 and 1.98. 



Hems 


11. 


□ 


12. 


1^ 


13. 






□ 


14. 


□ 


15. 


□ 


16. 


□ 



An assignment document for recording. A separate cover sheet in compliance with 37 C.F.R. 

$40.00 is included. 

A FIRST preliminary amendment to enter before calculating filing fee. 



f 3.28 and 3.3 1 and the Recordal fee of 



□ Written Opinion. 

S Preliminary Examination Report. 

□ International Search Report. 

□ Copies of References Cited, 
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INTERNATIONAL APPLICATION NO. 

PCT/GBOO/02014 



U.S. APPLICATK 

Not Yet Ai 



17. ^ The following fees are submitted: 

BASIC NATIONAL FEE (37 C.F.R. §§ 1.492(a)(l)-(5)): 

Neither International Preliminary^ Examination fee (37 C.F.R. § 1.482) 
nor International Search fee (37 C.F.R. § L445(a)(2)) paid to USPTO 
and International Search Report not prepared by the EPO or JPO 



International Preliminary Examination fee (37 C.F.R. § 1.482) not paid to 
USPTO but International Search Report prepared by the EPO or JPO 



,.$1,040.00 
$890.00 



International Preliminary Examination fee (37 C.F.R. § 1.482) not paid to USPTO 

but International Search fee (37 C.F.R. § 1.445(a)(2)) paid to USPTO as an 

International Searching Authority. $740.00 

International Preliminary Examination fee paid to USPTO (37 C.F.R. § 1.482) 

but all claims did not satisfy provisions of PCT Article 33(1 )-(4) $710.00 

International Preliminary Examination fee p^d to USPTO (37 C.F.R. § 1.482) 

and all claims satisfied provisions of PCT Article 33(l)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



ATTORNEY'S DOCKET NUMBER 

5585-61760 



CALCULATIONS (pto use only) 



890.00 



Surcharge ofSUO.OO for furnishing the oath or declaration later than □ 20 □ 30 
months from the earliest claimed priority date (37 C.F.R. § 1.492(e)). 



0.00 



CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 




Total claims 


45 -20 = 


25 


X $18.00 


$ 450.00 




Independent Claims 


9 -3 = 


6 


X $84,00 


$ 504.00 




MULTIPLE DEPENDENT CLAIM(S) (if app 


icable) 


+ S280.00 


$ 0.00 




TOTAL OF ABOVE CALCULATIONS - 


$ 0.00 




□ Reduction of 1/2 for filing by small entity. Small entity status is claimed for this application. 


$ 1,844.00 




SUBTOTAL = 


$ 0.00 




Processing fee of $130.00 for furnishing the English translation later than □ 20 □ 30 
Months from the earliest claimed priority date (37 C.F.R. §§ 1 .492(f)). + 


$ 0.00 




TOTAL NATIONAL FEE = 


$ 0.00 




Fee for recording the enclosed assignment (37 C.F.R. § 1 .2 1 (h)). The assignment must be 
accompanied by an ^propriate cover sheet (3 7 C.F.R. § § 3 .28 , 3 .3 1 ). $40.00 per property . + 


$ 40.00 




TOTAL FEES ENCLOSED = 


$ 1,884.00 






REFUND 


$ 


CHARGE-^ 


$ 



m 



a. ^ A check in the amount of $ 1,884.00 to cover the above fees is enclosed. 

b. □ Please charge my Deposit Account No. in the amount of $ to cover the above fees. A duplicate copy of this sheet 

is enclosed. 

c. 13 The Director is hereby authorized to charge any additional fees that: may be required, or credit any overpayment, to Deposit 

Account No. 02--4550 . A duplicate copy of this sheet is enclosed. 

d. ^ Please return the enclosed postcard to confirm that the items listed above have been received. 

NOTE: Where an appropriate time limit under 37 C.F.R. § 1.494 or § 1.495 has not been met, a petition to revive (37 C,F.R. § 1.137(a) 
or (b)) must be filed and granted to restore the application to pending status. 



SEND ALL CORRESPONDENCE TO: 

KLARQUIST SPARKMAN, LLP 
One World Trade Center, Suite 1600 
121 S.W. Salmon Street 
Portland, OR 97204-2988 



sWature 



William D. Noonan, M.D. 



NAME 
30,878 



REGISTRATION NUMBER 



cc: Docketing 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Art Unit: Not Yet Assigned 

CERTIFICATE OF MAILING 

I hereby certify that this paper and the documents 
referred to as being attached or enclosed herewith are 
being deposited with the United States Postal Service 
on Decembers, 2001 as U.S. Express Mdl in an 
envelope addressed to: BOX POT, P.O BOX 2327, 
ARLINGTON, VA 22202. 



Attorney for Applicant 



In re Application of: Franks etaL 
Application No. Not Yet Assigned 
Filed: Herewith 

For: GENE THERAPY PRODUCTS 
Examiner: Not Yet Assigned 
Date: December 3, 2001 

BOX PCT 
P.O. Box 2327 
ARLINGTON, VA 22202 

PRELIMINARY AMENDMENT 

In the Specifjcation: 

Page 1, line 2, please insert the following: 

PRIORITY CLAIM 

This is a U.S. National Stage § 371 of PCT/GB 00/020 14, filed June 5, 2000, which was 
published in English under PCT Article 21(2), which claims the benefit of U.S. Provisional 
Application 60/137,592, filed June 3, 1999, and U.K. Application GB9912807.6, filed June 3, 
1999. 



By this amendment the specification has been changed to reflect prior related 
applications. No new matter is added by this amendment. 

In the Claims: 

Before calculating the filing fee, please cancel pending claims 40, 43, and 46. Please 
replace pending claims 1-39,41,42,44,45,47, and 48 with the following rewritten claims 1- 
39,41,42,44,45,47, and 48: 

1 . (Amended) A composition comprising a proliferatively active moiety linked to 
genetic or nucleic acid material which is associated with protective material. 
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2. (Amended) The composition of claim 1, wherein the protective material 
comprises a micelle-forming or complex-forming material. 

3. (Amended) The composition of claim 2, wherein the complex-forming material 
comprises polylysine. 

4. (Amended) The composition of claim 2, wherein the micelle-forming material 
comprises one or more phospholipids. 

5. (Amended) The composition of claim 1, wherein the genetic material comprises 
an expression vector containing a gene encoding a protein and operably linked to a control 
sequence. 

6. (Amended) The composition of claim 5, wherein said gene is a cytotoxic gene, a 
defect correction gene or an immxmogene. 

1. (Amended) The composition of claim 6, wherein the cytotoxic gene is for 
expressing an enzyme to convert a prodrug into a toxic drug. 

8. (Amended) The composition of claim 7, wherein the enzyme is thymidine kinase, 
cytosine deaminase, cytochrome P-450 or bacterial nitroreductase. 

9. (Amended) The composition of claim 5, wherein the control sequence comprises 
a CMV promoter. 

10. (Amended) The composition of claim 5, wherein the genetic material contains an 
episomal maintenance sequence. 
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1 1 . (Amended) The composition of claim 5, wherein the genetic material comprises 
two or more genes, the second and any subsequent genes each being operably linked to an 
internal ribosomal entry site. 

12. (Amended) The composition of claim 1, wherein the genetic material comprises a 
plasmid construct. 

1 3 . (Amended) The composition of claim 1 , wherein the nucleic acid material 
comprises an anti-sense sequence. 

14. (Amended) The composition of claim 1 , wherein the link between said agent and 
said moiety is intracellularly cleavable. 

15. (Amended) The composition of claim 14, wherein the link is cleavable by acid 
hydrolysis. 

1 6. (Amended) The composition of claim 1 , wherein a target cell of the 
proliferatively active moiety has a high affinity receptor therefor, 

17. (Amended) The composition of claim 16, wherein the proliferatively active 
moiety is a cytokine, growth factor, or a molecule functionally equivalent thereto. 

1 8. (Amended) The composition of claim 17, wherein the moiety is a cytokine or a 
molecule functionally equivalent to a cytokine. 

1 9. (Amended) The composition of claim 1 8, wherein the cytokine is an IL, a TNF, a 
M-CSF, an IFN, an FGF, an IGF, a TGF, a GM-CSF, an SCF, a G-CSF or an Epo. 

20. (Amended) The composition of claim 19, wherein the IL is IL-2 or IL-6, the TNF 
is TNF-a, IFN is IFNa, IFN-p or IFN-y and the TGF is TGFp. 
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21 . (Amended) The composition of claim 17, wherein the moiety is a growth factor or 
a molecule functionally equivalent to a growth factor, 

22. (Amended) The composition of claim 21, wherein the growth factor is: 
Erjrthropoietin (Epo); 

GM-CSF;G-CSF;SCF (Stem cell factor); 
Multi-CSF (also known as Interleukin-3); 
M-CSF;E-CSF (or Interleukin-5); 
IGF-1 (Insulin-like growth factor); 
PDGF (Platelet-derived growth factor); or 
TGF beta.2 (Transforming growth factor-beta.2). 

23. (Amended) The composition of claim 17 wherein the cytokine or growth factor is 
a human cytokine or growth factor and said molecule is functionally equivalent thereto. 

24. (Amended) The composition of claim 17, wherein said moiety is a recombinant 
hxmian cytokine or growth factor, optionally modified by one or more ammo acid alterations. 

25. (Amended) The composition of claim 24, wherein the recombinant human 
cytokine is recombinant IL-2. 

26. (Amended) The composition of claim 25, wherein the recombinant IL-2 is 
desalai-IL-2 seri25 

27. (Amended) A composition comprising a biologically active agent which is 
provided with a protective material and linked to a cytokine or growth factor or to a molecule 
functionally equivalent thereto, the biologically active agent being selected from the group 
consisting of genetic material and antisense nucleotide sequences, and the cytokine or growth 
factor having target cells capable of presenting a high affinity receptor therefor. 
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28. (Amended) The composition of claim 27, wherein the protective material 
comprises a micelle-forming or complex-forming material. 

29. (Amended) A composition comprising first domain which comprises an IL-2 
sequence fimctional to be recogiiized by high affinity IL-2 receptors and to promote proliferation 
linked to a second domain which comprises a biologically active agent selected from the group 
consisting of antisense nucleotide sequences and genetic material. 

30. (Amended) The composition of claim 29, wherein the protective material 
comprises a micelle-forming or complex-forming material. 

3 1 . (Amended) A composition comprising a proliferatively active moiety linked to a 
nucleotide which is associated vdth cationic DNA-binding material. 

32. (Amended) The composition of claim 3 1 , wherein the DNA-binding material 
comprises a polymer, a liposome or a dendrimer. 

33. (Amended) The composition of claim 32, wherein the polymer comprises 
polylysine, a polylysine derivative or polyethyleneimine. 

34. (Amended) The composition of claim 3 1 , wherein the DNA-binding material 
forms a bridge between the active moiety and the nucleotide. 

35. (Amended) The composition of claim 3 1 , wherein the DNA-binding material 
forms a complex with the nucleotide. 

36. (Amended) The composition of claim 3 1 , wherein the nucleotide comprises an 
expression vector containing a gene encoding a protein and operably linked to a control sequence 
or an anti-sense sequence. 
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37. (Amended) The composition of claims 3 1 , wherein the link between said agent 
and said moiety is intracellularly cleavable. 

38. (Amended) A composition comprising a first domain which comprises an IL-2 
sequence functional to be recognized by high affinity IL-2 receptors and to promote proliferation 
linked to a second domain which comprises agene for functional ADA, the gene optionally being 
associated with protective material. 

39. (Amended) A composition comprismg a functional IL-2 linked to an expression 
vector comprising a gene for functional ADA. 

40. Please cancel claim 40. 

41 . (Amended) A method for treating or inhibiting the development of a disease or 
disorder involving cells bearing a high affinity receptor for a proliferatively active moiety in a 
subject, comprising: 

administering a therapeutically effective amount of the composition of claim 1, 
thereby treatmg or inhibiting the development of the disease or disorder in the subject. 

42. (Amended) The method of claim 4 1 , wherein the composition comprises a 
proliferatively active moiety having IL-2 function and the disease or disorder is an autoimmune 
disease, transplant rejection, graft-versus-host-disease, a retroviral disease or a 
lymphoproliferative disease. 

43. Please cancel claim 43. 

44. (Amended) A pharmaceutical composition, comprising the composition of claim 
1 and a pharmaceutically acceptable diluent, excipient or carrier. 
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45 . (Amended) A method for stimulating the proliferation of a lymphocyte, 
comprising: 

contacting the lymphocyte with the composition of claim 1, wherein the 
lymphocyte internalizes tiie compound, tiiereby stimulating the proliferation of the lymphocyte. 

46. Please cancel claim 46. 

47. (Amended) A composition comprising a moiety which is proliferatively active 
linked to encapsulated or complexed nucleic acid material selected from the group consisting of 
expression vectors and anti-sense sequences. 

48. (Amended) A composition comprising a moiety having M-CSF, SCF or GM-CSF 
function linked to a functional acid sphingomyelinase gene. 

REMARKS 

Claims 40, 43, and 46 are cancelled herein. Claims 1-39, 41 , 42, 44, 45, 47, and 48 are 
amended herein. Claims 1-39, 42, 44, and 47-48 are amended to correct form. Support for the 
amending language of claim 41 can be found throughout the specification, for example on page 
14, lines 12-16; page 15, line 17 through page 21, line 37; page 25, line 18 through page 26, line 
12; and in original claim 46. Support for the amending language of claim 45 can be found 
throughout the specification, for example in Fig. 1; on page 11, line 36; on page 15, lines 1-4; 
and on page 29, line 1 1 through page 30, line 4. 

No new matter has been added by this amendment. Examination of the subject 
application is respectfully requested. 
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CONCLUSION 

If any minor matters need to be addressed, the Examiner is invited to contact the 
undersigned. 



One World Trade Center, Suite 1600 
121 S.W. Salmon Street 
Portland, Oregon 97204 
Telephone: (503) 226-7391 
Facsunile: (503)228-9446 



Respectfully submitted. 



KLARQUIST SPARKMAN, LLP 




William D. Noonan, M.D., J.D. 
Registration No. 30,878 
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Marked-up Version of Amended Claims and Specification 
Pursuant to 37 C.F.R. §§ 1.121(bHc) 

Page 1, line 2, please insert the following: 

- -PRIORITY CLAIM 

This is a U.S. National Stage § 371 of PCT/GBOO/02014, filed June 5, 2000, which was 
published in English under PCT Article 21(2), which claims the benefit of U.S. Provisional 
Application 60/137.592, filed June 3, 1999, and U.K. AppUcation GB9912807.6, filed June 3, 
1999.- 



In the Claims: 

1 . (Amended) A [product] composition comprising a proliferatively active moiety 
linked to genetic or nucleic acid material which is associated with protective material. 

2. (Amended) [A product] The composition of claim 1 , wherem the protective 
material comprises a micelle-forming or complex-forming material. 

3 . (Amended) [A product] The composition of claim 2, wherein the complex- 
forming material comprises polylysine. 

4. (Amended) \A product] The composition of claim 2, wherein the micelle-forming 
material comprises one or more phospholipids. 

5. (Amended) [A product] The composition of [any of claims] claim 1 [to 4], 
wherein the genetic material comprises an expression vector containing a gene encoding a 
protein and operably linked to a control sequence. 

6. (Amended) [A product] The composition of claim 5, wherein said gene is a 
cytotoxic gene, a defect correction gene or an immxmogene. 



Page 9 of 15 



WDN/SAS/GLB:clm 12/03/01 84458 

Attorney Reference Number 5585-61760 



Express Mail Label No. EL874429125US 
Date of Deposit: December 3, 2001 
PATENT 



7. (Amended) [A product] The composition of claim 6, wherein the cytotoxic gene 
is for expressing an enzyme to convert a prodrug into a toxic drug. 

8. (Amended) \A product] The composition of claim 7, wherein the en2yme is 
thymidine kinase, cytosine deaminase, cytochrome P-450 or bacterial nitroreductase. 

9. (Amended) [A product] The composition of [any of claims] claim 5 [to 8], 
wherein the control sequence comprises a CMV promoter. 

1 0. (Amended) [A product] The composition of [any of claims] claim 5 [to 9], 
wherein the genetic material contains an episomal maintenance sequence. 

1 1 . (Amended) [A product] The composition of [any of claims] claim 5 [to 1 0], 
wherein the genetic material comprises two or more genes, the second and any subsequent genes 
each being operably Unked to an intemal ribosomal entry site. 

12. (Amended) [A product] The composition of [any of claims] claim 1 [to 1 1], 
wherein the genetic material comprises a plasmid construct. 

13. (Amended) [A product] The composition of [any of claims] claim 1 [to 4], 
wherein the nucleic acid material comprises an anti-sense sequence. 

14. (Amended) [A product] The composition of [any of claims] claim 1 [to 13], 
wherein the link between said agent and said moiety is intracellularly cleavable. 

15. (Amended) [A product] The composition of claim 14, wherein the link is 
cleavable by acid hydrolysis. 
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16. (Amended) [A product] The composition of [any of claims] claim 1 [to 15], 
wherein a target [cells] cdl of the proliferatively active moiety [have] has a high affinity 
[receptors] receptor therefor. 

17. (Amended) [A product] The composition of claim 16, wherein the proliferatively 
active moiety is a cytokine, [or] a growth factor, or a molecule functionally equivalent thereto. 

1 8. (Amended) [A product] The composition of claim 1 7, wherein the moiety is a 
cytokine or a molecule functionally equivalent to a cytokine. 

1 9. (Amended) [A product] The composition of claim 1 8, wherein the cytokme is an 
IL, a TNF, [and] a M-CSF, an IFN, an FGF, an IGF, a TGF, a GM-CSF, an SCF, a G-CSF or an 
Epo. 

20. (Amended) [A product] The composition of claim 19, wherein the IL is IL-2 or 
IL-6, the TNF is TNF-a, IFN is IFNa, IFN-p or IFN-y and the TGF is TGF|3. 

2 1 . (Amended) [A product] The composition of claim 1 7, wherein the moiety is a 
growth factor or a molecule functionally equivalent to a growth factor. 

22. (Amended) [A product] The composition of claim 2 1 , wherein the growth factor 

is: 

Erythropoietin (Epo); 
GM-CSF;G-CSF;SCF (Stem cell factor); 
Multi-CSF (also known as Interleukin-3); 
M-CSF;E-CSF (or Interleukin-5); 
IGF-1 (Insulin-like growth factor); 
PDGF (Platelet-derived growth factor); or 
TGF beta.2 (Transforming grovrth factor-beta.2). 



Page 11 of 15 



WDN/SAS/GLB:clm 12/03/01 84458 
Attorney Reference Number 5585-61760 



Express Mail Label No. EL874429125US 
Date of Deposit: December 3, 2001 
PATENT 



23. (Amended) [A product] The composition of claim 1 7 wherein the cytokine or 
growth factor is a hxjman cytokine or growth factor and said molecule is functionally equivalent 
thereto. 

24. (Amended) [A product] The composition of [any of claims] claim 17 [to 22], 
wherein said moiety is a recombinant human cytokine or growth factor, optionally modified by 
one or more amino acid alterations. 

25. (Amended) [A product] The composition of clahn 24, wherein the recombinant 
human cytokine is recombinant IL-2. 

26. (Amended) [A product] The composition of claim 25, wherein the recombinant 
IL-2 is desalai-IL-2 seriis 

27. (Amended) A [product] composition comprismg a biologically active agent 
which is provided with a protective material and linked to a cytokine or growth factor or to a 
molecule functionally equivalent thereto, the biologically active agent being selected from the 
group consisting of genetic material and antisense nucleotide sequences, and the cytokine or 
growth factor having target cells capable of presenting a high affinity receptor therefor. 

28. (Amended) [A product] The composition of claim 27,[ which further includes the 
feature(s) recited in one or more of claims 2 to 10, 19, 20 or 22 to 26] wherein the protective 
material comprises a micelle-forming or complex-forming material . 

29. (Amended) A [product] composition comprising first domain which comprises an 
IL-2 sequence functional to be recognized by high affinity IL-2 receptors and to promote 
proliferation linked to a second domain which comprises a biologically active agent selected 
fi'om the group consisting of antisense nucleotide sequences and genetic material. 
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30. (Amended) [A product] The composition of [any of] claim 29, [which further 
includes the feature(s) recited in one or more of claims2 to 12] wherein the protective material 
comprises a micelle-forming or complex-forming material , 

3 1 . (Amended) A [product] composition comprising a proliferatively active moiety 
linked to a nucleotide which is associated with cationic DNA-binding material. 

32. (Amended) [A product] The composition of claim 3 1 , wherein the DNA-binding 
material comprises a polymer, a liposome or a dendrimer. 

33. (Amended) [A product] The composition of claim 32, wherein the polymer 
comprises polylysine, a polylysine derivative or polyethyleneunine. 

34. (Amended) [A product] The composition of [any of claims] claim 3 1 [to 33], 
wherein the DNA-binding material forms a bridge between the active moiety and the nucleotide. 

35. (Amended) [A product] The composition of [any of claims] claim 3 1 [to 34], 
wherein the DNA-binding material forms a complex with the nucleotide. 

36. (Amended) [A product] The composition of [any of claims] claim 31 [to 35], 
wherein the nucleotide comprises [genetic material as defined in any of claims 5 to 12] an 
expression vector containing a gene encoding a protein and operably linked to a control sequence 
or an anti-sense sequence. 

37. (Amended) [A product] The composition of [any of claims] claim 3 1 [to 36], 
[which further includes the feature(s) recited in one or more of claims 14 to 26] wherein the link 
between said agent and said moiety is intracellularly cleavable . 

38. (Amended) A [product] composition comprising a first domain which comprises 
an IL-2 sequence functional to be recognized by high affinity IL-2 receptors and to promote 
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proliferation linked to a second domain which comprises agene for functional ADA, the gene 
optionally being associated with protective material. 

39. (Amended) A [product] composition comprising a ftinctional IL-2 linked to an 
expression vector comprising a gene for fimctional ADA. 

40. (Cancelled) [A product of any of claims 1 to 39 for use as a pharmaceutical.] 

41 . (Amended) [The use of a product of any of claims 1 to 40 for the manufacture of 
a medicament] A method for treating [by therapy or prophylaxis] or inhibiting the development 
of a disease or disorder involving cells bearing a high afBnity receptor for a proliferatively active 
moiety in a subject, comprising: 

administering a therapeutically effective amount of the composition of claim 1, 
thereby treating or inhibiting the development of the disease or disorder in the subject . 

42. (Amended) The [use] method of claim 41 , wherein the [product] composition 
comprises a proliferatively active moiety having IL-2 fimction and the disease or disorder is an 
autoimmune disease, transplant rejection, graft-versus-host-disease, a retroviral disease or a 
lymphoproliferadve disease. 

43. (Cancelled) [A pharmaceutical formulation, comprising a product of any of 
claims 1 to 40 formulated for pharmaceutical use.] 

44. (Amended) A pharmaceutical composition, comprising [a product] the 
composition of [any of claims] claim 1 [to 40] and a phaimaceutically acceptable diluent, 
excipient or carrier. 

45. (Amended) [The use of a product of any of claims 1 to 40 for the manufacture of 
a medicament for intanalizing the biologically active agent into a cell having a high affinity 
receptor for the proliferatively active moiety, cytokine or growth factor of the product and 
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optionally] A method for stimulating [lymphocyte] the proliferation of a lymphocyte, 
comprising: 

contacting the lymphocyte with the composition of claim 1, wherein the 
lymphocyte internalizes the compound, thereby sthnnlating the proliferation of the lymphocyte , 

46. (Cancelled) [A method of treating by therapy or prophylaxis a disease or disorder 
involving cells bearing a high affinity receptor for a proliferatively active moiety, comprising 
administering to a patient an effective amount of a product of any of claims 1 to 40, which 
product includes a proliferatively active moiety having high affinity for said receptor.] 

47. (Amended) A [product] composition comprising a moiety which is proliferatively 
active linked to encapsulated or complexed nucleic acid material selected from the group 
consisting of expression vectors and anti-sense sequences. 

48. (Amended) A rproduct] composition comprising a moiety having M-CSF, SCF or 
GM-CSF function linked to a functional acid sphingomyelinase gene. 
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GENE THERAPY PRODUCTS 

FIELD OF THE INVENTION 

5 The present invention relates to novel products which use a proiiferatively active moiety as a vector to target 
nucleic acid material to proliferating cells and to induce proliferation of the target cells. It also relates to 
products which use a moiety having a high affmity receptor binding activity as vectors for delivering genetic 
material to selected cells. More particularly, the invention relates to novel compositions of matter for use in 
delivering genetic materials to cells, in gene therapy. 

10 

BACKGROUND OF THE INVENTION 

Proliferation, differentiation and functional activity of most cells, particularly haematopoietic cells and cells 
of the immune system, are regulated by proteins called cytokines and growth factors. Separation of the two 
D 15 groups is difficult, due to several overlapping mechanisms and effects on target cells. For example, the 
D cytokine lnterleukin-2 is also known as T-cell Grovrth Factor. Cytokines and growth factors are both 

III peptide hormones. 

More specifically, cytokines regulate the functional status of their target cells (i.e. they can stimulate or 

0 20 suppress both quantitatively and qualitatively), whilst growth factors are more focused on promotion, 

1 regulation and maintenance of proliferation and differentation, and the survival of their target cell lineages. 

p Both cytokines and growth factors recognise specific membrane receptors on their target cells, which are 

■ unique for that particular cytokine or growth factor. Each receptor, in turn, can express a dynamic avidity 
25 towards its specific cytokine or growth factor, based on physiological and/or pathological conditions. These 
receptors can be categorised as low, medium, or high affmity. Most important of all, high affinity receptors 
only recognise, capmre, and internalise their related cytokine or growth factor. These receptors and their 
ligands are discussed in more detail below with reference to cytokines. 

30 Cytokines are a group of molecules, other than antibodies, which are produced by lymphocytes and are 
involved in signalling between cells of the immune system, for the purpose of stimulating or suppressing cell 
function. Cytokine activity is often mediated by specific receptors expressed on target cells. Cytokines are 
glycosylated or non-giycosylated polypeptides and can be secreted by both T-cells and B-ce!Is, thou^ T- 
cells are assumed to be the major source in cell-mediated responses. Complications in the study of 

35 cytokines have arisen from the fact that in vivo no cytokine ever operates in isolation. This is illustrated by 
the observation that many cytokine actions are synergistic. Important cytokines include interleukins (ILs), 
tumour necrosis factors (TNFs) and interferons (IFNs). In addition, various colony stimulating factors 
(CSFs) are secreted by myeloerythroid cells. 
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Receptors for numerous c\iokines have now been cloned, and their structures (amino acid sequences) 
analysed. As a result, it is possible to group many of these into super families, based on common homology 
regions in their primary structures. For the purpose of this invention, the main super families recognised are 
cytokine receptor super family (CFCR-SF), sometimes called haemopoietic receptor super family, and the 
5 interferon receptor super family (IFNR-SF), also termed c>iokine receptor super family Type il (Ref 1). 
The term '*super family" should be used only to describe proteins with amino acid sequence homology of 
50% or less. Proteins, with amino acid sequence homology of greater than 50%, are designated by the term 
"family". 

10 Many cytokine and growth factor receptors have combinations of different domains or repeats, A domain is 
a sequence or segment of a protein which forms a discrete structural unit, able to capture and/br convert 
specific signals. For the purpose of this invention, the domains of interest are the extra-cellular regions 
(those located at the surface of a given target cell-lineage). Studies focussing on receptor binding have 
revealed the existence of more than one binding affinity for several members of the CKR-SF (or 

15 haematopoietic receptor super family). Typically, these sites have low (e.g. 1-lOnM) or high (e.g. at least 
IpM and more usually 10-IOOpM) affinity to a given iigand (cytokine or growth factor). For most of these 
receptor complexes, additional sub-units have been identified which are required for high affinity receptor 
expression. These sub-units (also referred to as affinity convenors or convertor chains) are often expressed 
on the cell surface after a given activatory or inhibitory stimulus is applied through a receptor ligand. This 

20 results in an amplification of effects, but only in those cells bearing the high affinity receptor and not in 
resting cells (which usually bear the low-active receptor complexes), and is the physiological basis of any 
paracrine stimulation/inhibition, in the absence of any involvement of district/regional/systemic networks. 

Thus, to mediate immune responses. T-cells must change from a resting to an activated state, T-cells 
25 stimulated by foreign antigens enter a program of cellular activation leading to de novo synthesis of IL-2. 
Resting T-cells do not express high affinity receptors but these are rapidly expressed after activation. 
Interaction of IL-2 with its induced cellular receptors triggers cellular proliferation culminating in the 
emergence of effector T-cells that are required for the flill expression of immune responses. Taking the 
example of IL-2/IL-2r complex, in many of the diseases described herein, this physiological tuning is 
30 disrupted (primarily by neoplastic transformation, secondary to viruses), or is automaintained (autoimmune 
reactions/diseases, transplant rejection), leading to systemic multi-organ failure. 

Further information about cvtokines and their receptors may be found in Callard R E, Gearing A J H, The 
Cytokine-Factsbook, Academic Press - Harcourt Brace &, Company, Publishers, 1994, 1 8-25. 

35 

High affinity receptors therefore include those with an affinity constant of 10''^M or less, and, more 
particularly, those with an affinity constant of 10*^ 'M or less. Representative high affinity receptors include 
those with affinit>' constants of between 10*'^ and lO'^'M For example, three forms of receptor for 
inierleukin-2 (lL-2) can be distinguished on the basis of their affinit>' for IL-2 with IL-2 binding affinities of 
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10'"M (high affiniuO, lO'^M (intermediate affinity) and 10"*M (low affinity) (Refs M). IL-2 receptors are 
well described in the prior arts (Refs 5 & 6). 

TNF-a has been described as having two isoform receptors with high affinity on the target cells for TNF. 
These target cells are macrophages and osteoclasts (Ref 7). M-CSF (macrophage colony stimulating factor) 
has a high affinity receptor on macrophages and osteoclasts. The high affinity receptor is a 150 Kda 
glycoprotein (Ref 8). 

High affinity receptors have been described also for IFNs (interferons). IFN-y has a 90 KDa glycoprotein as 
a high affinity receptor. A different receptor present on activated lymphocytes, macrophages, endothelial 
ceils and fibroblasts has been recognised as the high affinity receptor of IFN-a and IFN-p (Ref 9). 

in the case of FGF (fibroblastic growth factor), there is a high affinity receptor which is a 140 KDa 
glycoprotein on mesodermic and neuroectodermic lineage cells, such as activated fibroblasts, macrophages, 
endothelial cells, chondrocytes, astrocytes, glioma cells, hepatocytes, epithelial cells, neurones, ovarian 
cells, pituitary cells, and keratinocytes. The pharmacological properties of FGF are primarily related to 
angiogenesis, ovarian steroidogenesis, ostoblast activation, and nerve growth (during the foetal phase) (Ref 
10). 

A variant GnRH-III (Glp-His-Trp-Ser-His-Asp-Trp-Lys-Pro-Gly-NH2) from the sea lamprey, Petromyzon 
mahnusy has been found to suppress growth of breast, prostate and endometrial cancer cells but not to have 
endocrine activity at the concentrations effective against growth of cancer cells (Refs 25-28). 

Epidermal growth factor (EGF) is a 53 amino acid peptide which efficiently stimulates cell growth via a 
receptor mediated mechanism. It is a classical example of a tyrosine kinase/SH2 domain receptor, in which 
extracellular EGF binding induces receptor dimerisation, autophosphor>iation and binding of downstream 
signalling molecules to the activated receptor via their SH2 domains (Ref 29). Since the receptors for EGF 
are present in multiple potentially heterodimeric forms on the surfaces of a large number of cell types, this 
receptor type is widely applicable. 

IGF (insulin-like growth factor) has a high affinity receptor on eterotetrameric complex present in different 
tissues and in mammary adenocarcinoma (Ref 1 1). 

Transforming Growth Factor p (TGFP) is similar to IGF. TGFp is a non-glycosylated homodymeric protein 
secreted by fibroblasts, epithelial cells, platelets, astrocytes, monocytes, bone cells, and glioblastoma cells. 
The physiological target cells are primarily fibroblasts, osteoblasts, neutrophils, hematopoietic progenitors, 
T/B lymphocytes, and a range of mmor cells. The cytokine interacts with a high affinity receptor, expressed 
by the target cells, in response to paracrine microenvironmental stimulation, located on the cell surface of 
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the above cells. These are type 1 or t>'pe 2 receptors (55 and 80 Kda), and are able to bind to TGFpl, 2, 
and 3. 

GM-CSF (granulocyte/macrophage colony stimulating factor) and SCF (stem cell factor) possess a dimeric 
high affinity receptor in muhipotent cells in the bone marrow (Ref 12). G-CSF (granulocyte colony 
stimulating factor) also has a high affinity receptor present, but only in multipotem cells in the bone marrow. 

EPO (erythropoietin) has a multimeric high affinity receptor present on erythroid precursors in the bone 
marrow. 

fL-6 (interieukin-6) has an a-/f3- high affinity receptor. The alpha chain binds IL-6 with low affmity and 
exists in a soluble form. The beta chain is a 130 KDa protein which simultaneously binds IL-6/IL-6r, 
becoming a trimeric complex which initiates target ceil stimulation. IL'6 high affmity receptor induction, 
following specific stimuli, is primarily positioned on activated cells such as T/B lymphocytes, fibroblasts, 
myeloid precursors, neurones, keratinocytes, and hepatocytes. In addition, multiple myeloma cells produce 
IL-6, and express IL-6 receptors working as an autocrine cancer growth factor, inducing at the same time 
osteoclastogenesis (bone lytic lesions). IL-6 from stromal cells can also be involved in bone metastatic 
lesions through different tumour histotypes. 

Gonadotropin-releasing hormone (GnRH, GIp-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NHz) is the central 
regulator of the hypothalami c-pituitary-gonadal axis. GnRH analogues are used to treat sex-hormone 
dependent cancers of the breast, prostate and ovaries. GnRH receptor RNA is expressed in human pituitary, 
breast, ovary, prostate and endometruim. As described by Paiyi et al (Ref 24) certain cancer cell lines have 
been found by previous workers to express high- and low- affmity binding sites for GnRH. GnRH is 
therefore a peptide hormone for which there are high affinity receptors. 

WO 92/20364 describes hybrid molecules containing a first portion which is a molecule capable of 
decreasing cell viability (especially a cytotoxin) and a second ponion which is a molecule capable of 
specifically binding to a cytokine receptor (especially all or a binding portion of a cytokine). The second 
portion targets the first portion to the cytokine receptor and is exemplified as IL-2. The IL-2 ponion 
preferably lacks IL-2 activity because the molecules will then prevent proliferation of the target ceils, 

Palyi et al (Ref 19) describe gonadotropin-releasing hormone (GnRH) analogue conjugates comprising 
peptidic analogues of human GnRH linked through lysyl side chains and a spacer (Gly-Phe-Leu-Gly) to 
poIy(N-vinylpyrroIidine-co-maleic acid). The conjugated polymer protects the peptide against proteolysis 
and enhances its antiproliferative effect, possibly as a resuh of enhanced binding of the peptide conjugates 
with external domains of the receptor and adjacent membrane structures and/or intemalisation of receptor- 
conjugate complexes. 
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Gene therapy is the transfer of genetic material or gene function modulators to target cells of a patient for 
the purpose of preventing or altering a disease state, and may be for the treatment of non-genetic as well as 
genetic disorders. Gene transfer may be ex vivo or in vivo. Ex vivo techniques usually involve the genetic 
alterations of cells, mostly by use of viral vectors, prior to implanting these into the tissues of the living 
body. In vivo gene therapy means direct introduction of genetic material into the body, and usually suffers 
poor efficiency because of poor access to target tissues. Proposed vectors for gene therapy include viruses 
(especially retrovirus and adenovirus vectors), liposomes and receptor-mediated endocytosis, for example 
using DNA linked to a targeting molecule such as poiylysine. 

A variety of gene therapy strategies are known for cancer, including haemopoietic gene transfer, 
immunogene therapy, delivery of toxic genes, e.g. gene-directed enzyme-prodrug therapy (GDEPT), and 
correction of genetic defects. GDEPT exploits the differences in gene expression between cancer ceils and 
their normal counterpans to increase the specificity of cell destruction. A foreign gene is introduced which 
encodes an enzyme capable of converting a harmless prodrug into a c>iotoxic compound. The system is 
designed so that significant transcription of the enzyme gene occurs only in tumour cells. 

For further information on gene therapy see "Textbook of Gene Therapy", K K Jain, Hogrefe & Huber 
Publishers, 1998 (Ref24). 

The most common candidate vectors for gene therapy are viruses. However, viral vectors are seen as 
potentially undesirable because of doubts raised about their safety, immunity to them and the relative 
difficulty of large scale culture of viral vectors. Effective alternatives to viral vectors are therefore being 
actively sought. 

The invention of International patent application No F^CT/GB98/03509, the content of which is included 
herein by reference, is based in one aspect on an insight that a medicament which contains an active 
promoter of proliferation, for example an active IL-2, can beneficially be used to deliver pharmacologically 
desirable species to cells whose proliferation is not desired. For example some medicaments of that 
invention control or inhibit proliferation using a molecule which contains an active promoter of 
proliferation. Preferred embodiments are based on an appreciation that, by using the high affinity of 
receptor super families, it is possible to drive drugs or genetic material, for example, into specific cell 
lineages which are predominantly responsible for many clinical events. 

International patent application No PCT/GB98/03509, therefore, describes a class of products which 
comprise a proliferatively active compound, especially a cytokine or growth factor, linked to a 
pharmacologically active compound, for example a conventional drug or a gene. The proliferatively active 
moiety (or cytokine or growth factor in the preferred aspect) retains its functional activity, which can come 
into play once the product targets its receptor. The proliferatively active moiety binds to the receptor and is 
then iniemaiised by the cell, so that each active domain of the product (the proliferatively active moiety and 
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the biologically active agent) can perform its respective function. It is contemplated that the two domains of 
the product will separate intracellularly in connmercialiy viable products, but this is not essential and the 
invention is not restricted to products which are intraceiluiarly cieavable. In preferred embodiments, the 
events which follow binding of the proliferatively active moiety to the receptor typically include 
internal isation of the product (typically a fusion compound) into the cytosol (by the endosome pathway), 
endosome acidification (by the proton H+ pump mechanism), and a separation of functional domains into 
the receptor domain, the proliferatively active domain, and the active agent domain. Since the receptor 
domain and the proliferatively active domain (normally a cytokine or growth factor domain) retain their 
functional integrity, the proliferatively active domain (cytokine or growth factor) will trigger ceii 
activation/division through DNA interaction (G2-M phase enrichment). 

As the International application teaches, therefore, these proliferatively active vectors are not only active as 
transporters of genes, but also promote the rearrangement of DNA, in addition to opening DNA chains in 
target cells. They are therefore Ideal for integrating genes both //: vitro and in vivo. No other system 
available has a comparable bi-modai activity, and without the associated risks of viruses (used currently as 
vectors). 

PCT/GB98/03509 also describes and claims products comprising a biologically active agent linked to a 
moiety which is a peptide hormone, which has a high affinity receptor, or is a molecule functionally 
equivalent to the peptide hormone in relation to the higli affinity receptor. 

SUMMARY OF THE INVENTION 

The present application relates in particular to novel products of the types described and claimed in 
PCT/GB98/03509. More particularly the invention provides products or compositions of matter comprising 
a proliferatively active moiety linked to genetic or nucleic acid material which is associated with protective 
material. There is considerable evidence that transported genes are more active in dividing ceils and the 
proliferatively active moiety therefore potentiates the cells whose proliferation is caused towards the genetic 
or nucleic acid material. In other words the invention is concerned with products which potentially use 
proliferatively active moieties both as vectors for protected nucleic acid material and as mitogens to 
stimulate proliferation of the target cells. 

The protective material serves to protect the genetic or nucleic acid material from degradation and may by 
way of example comprise any known protective material. Specifically, the genetic or nucleic acid material 
may be protected by encapsulation in a micelle, especially a liposome, or by being compiexed, for example 
with a protective protein such as, e.g., polylysine. 

Whilst the invention includes products in which genetic or nucleic acid material is protected by an 
associated material, the invention is not restricted to products in which the associated material is protective 
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or solely protective in function. It Inciudes also products in which genetic or nucleic acid material is 
otherwise associated with cationic DNA-binding material. 

Accordingly the invention provides products or compositions of matter comprising a proliferatively active 
moiet>' linked to a nucleotide which is associated with cationic DNA-binding material. 

It is a feature of the above aspects of the invention that the nucleic acid or genetic material is linked to a 
proliferatively active moiety. Unlike prior art chimeric proteins containing solely the receptor-binding 
domain of IL-2, therefore, these products induce cellular proliferation, enabling anti-pro liferative drugs to 
be highly effective, even at ultra-low doses in the case of proliferatively active moieties with high affinity 
receptors. The invention therefore enables low systemic toxicity to be achieved. An additional benefit at 
least in the case of IL-2 is that IL-2 induces expression of the high affinity IL-2 receptor when the relevant 
antigen is present. 

For example a construct of IL-2 and protected antisense DNA/RNA designed to block a retrovirus gene 
obtains the following effects: 

a. in infected cells, the replicative stimulus given by the IL-2 stimulates also replication of 
the viral genome, resulting in stronger inhibitory activity by the antisense DNA/RNA; 

b. immunostimulation of uninfected lymphocytes, with the potential benefit of increased 
immune surveillance. 

Amongst the features of preferred embodiments are: 

• the product is a combination of existing moieties (or of moieties functionally equivalent 
thereto), each of which retains its function and, optionally, its entire structure (except at any 
covalent linkage site to the other moiety) 

• the product can be administered at exceedingly low dosages, so that little or no systemic 
toxic it>' results. 

• the growth factor/cytokine stimulates the target system and the nucleic acid moiety induces a 
therapeutic effect 

• biodistribution is predictable and good 

• targeting is good 
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• immunogenic ity is low. 

An overview of the invention is shown in Fig. 1, which for convenience illustrates the invention with 
reference to a product in which the proiiferatively active moiety is an IL-2. As shown in Fig. 1, the IL-2 is 
linked to a protected (in this case poiylysine complexed) expression vector (in this case a plasmid), suitably 
by attaching to the IL-2 a linker having a functional group reactive with the poiylysine as well as a 
functional group reactive with the IL-2, and then reacting the linker with the poiylysine before or after the 
latter is combined with the plasmid (expression vector). 

The resultant product is administered in vivo or in vitro and the IL-2 (proiiferatively active moiety) serves as 
a vector to direct the product to cells presenting IL-2 receptors, especially high affinity receptors. The 
product is internalised, after which the IL-2-polylysine link is cleaved (e.g. hydrolysed), allowing the IL-2 to 
promote division and the expression vector to migrate to the nucleus. Less preferred products of the 
invention have a proiiferatively active moiety which is not internalised by its receptor, in which case the link 
with the remainder of the product is normally cleaved extracellulariy and the expression vector (or other 
nucleotide) is internalised. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I is an overview of the invention, illustrating the structure and ftmction of products of the invention 
with reference to an IL-2-Expression Vector construct; 

Figures 2, 3 and 4 are diagrammatic illustrations (linearised circles) of plasmid constructs of the invention; 
Figure 5 is an SDS-PAGE gei run using the product of a reaction between Aldesleukin and LC-SPDP; 
Figure 6 illustrates a 96 well plate as used in a growth assay; 

Figure 7 is a data chart of cell densities resulting from the incubation of HT-2 cells with modified 
Aldesleukin; and 

Figure 8 is a data chan showing growth responses of HT-2 cells to various IL-2 compositions. 

Figures 9a, b and c are data charts showing the results of a toxicity assay in which serial dilutions of 25k PEI 
were added to HT-2 cells cultured at 1.0, 0.5 and 0.2ng/ml RhIL-2 and cell viability assayed for three days. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The products of the invention will now be described in more detail taking each component in turn: 
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The Associated Material 

The material associated with the genetic or nucleic acid material is protective in one class of products. It 
may form a micelle, especially a liposome. 

The liposome or micelle may encapsulate the nucleic acid material or it may be positively charged and hold 
the nucleic acid on its surface (a so-called lipoplex). Liposomes are formed by phospholipids and similar 
amphipathic lipids, and are commercially available. Cholesterol is frequently included in liposome 
formulations. A review of cationic liposomes as vectors for gene transfer may be found in Ref 38. An 
alternative class of encapsulating composition comprises artificial viral envelopes (see Ref 39). 

One class of protective materials, therefore, comprises complexing materials and includes not only cationic 
liposomes but also other cationic materials, especially polymers. As suitable polymers there may be 
mentioned polyiysine (especially poly-D-lysine), polylysine derivatives (eg phospholipid derivatives of, in 
particular, poly-L-lysine) and polyethyleneimine (PEI). Other suitable complexing agents are dendrimers, 
especially polyamidoamine dendrimers (which are cationic). 

The associated material is not protective, or exclusively protective, in all the products of the invention. For 
example, in a class of product falling within the invention a cationic DNA-binding moiety forms a bridge 
between the proliferatively active product and the nucleic acid material (nucleotide). Suitable DNA-binding 
moieties are cationic polymers such as polylysine or PEI. Additionally there may be cationic or other 
protective material. 

The Nucleic Acid Material 

The specific identity or function of the nucleic acid or genetic material is not critical to the invention, which 
is concerned primarily with methods for delivery, i.e. transfer of a nucleotide into the target cell and 
especially into its nucleus. 

The nucleic acid material generally comprises either a therapeutic gene or an antisense nucleotide (oligo- or 
poly- nucleotide). Antisense nucleotides are single strand nucleotides containing sequences complementary 
to target mRNA or DNA in order to block the production of disease-causing proteins. Antisense therapy is 
often considered to be a form of gene therapy because it is modulation of gene function for therapeutic 
purposes. Therapeutic nucleotides are suitably phosphorothioate oligodeoxynucleotides (ODNs), as these 
are nuclease-resistant. Alternatively, antisense nucleotides may conveniently be protein nucleic acids 
(PNAs). 
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Antisense nucleotides are useful for the treatment of viral diseases and cancer (see Ref 25) and the invention 
includes the use of antisense products for such n-eatmems as well as the treatment of neurodegenerative and 
cerebrovascular disorders (Ref 24). 

5 The products of the invention may be materials comprising an expression vector for expression of a 
therapeutic gene. The expression vector will contain a gene encoding a protein operably linked to a control 
sequence. The control sequence will include a promoter and preferably an enhancer derived from, for 
example, immunoglobulin genes, SV40, cytomegalovirus (CMV), and a polyadenylation sequence. In one 
class of products, the expression vector comprises a plasmid construct (recombinant plasmid). 

10 

The expression vectors are suitably in the form of recombinant plasmids. The use of a bacterial expression 
cassette permits large scale preparation of the construct in a prokaryotic system. Illustrative plasmids are 
shown in Figures 2, 3, and 4 in linearised form. Thus, Figure 2 shows a plasmid comprising a therapeutic 
gene, which in this case is a cytotoxic gene, represented by a gene-directed enzyme -prodrug therapy gene 
1 5 shown to be a thymidine kinase gene. The therapeutic gene is operably linked to a control sequence, shown 
to be a promoter and specifically a CMV promoter. The plasmid will also contain a poly A/termination site, 
a bacterial origin and an antibiotic resistance gene. 

Figure 3 shows a plasmid similar to that of Figure 3 but additionally containing an episomal maintenance 
20 sequence, which will maintain the therapeutic gene outside of the cell chromosome as an episome. This will 
enhance its expression and prevent cellular silencing of the therapeutic gene by insertion into 
heterochromatin. 

The construct of Figure 4 contains two therapeutic genes, which again are represented as cytotoxic genes. 
25 The construct optionally contains an IRES (internal ribosome entry site) to ensure that the two genes are 
expressed simultaneously from the same promoter. The two genes may be repeat copies of the same gene or 
may have different functions. 

For experimental purposes, it is usefril to make a construct having an indicator gene (e.g. the EGFP gene 
30 which causes expression of a green marker protein) and a therapeutic gene (e.g. herpes simplex virus (HSV) 
thymidine kinase gene which will activate gancyclovir when expressed). Cells which have been treated for 
transduction with the construct can be monitored for successful gene transduction by detecting for green 
cells. The killing drug (gancyclovir in this case) can then be added and should target the green cells by 
virtue of the TK gene. The process is suitably monitored by time lapse photomicroscopy, to provide 
35 information about the efficiency of cell kill as well as about the percentage of cells in the population 
transduced with the genes and killed. 

The gene may be any gene having a therapeutic function and, by way of non-limiting example, may be a 
therapeutic gene now known to those skilled in the art of gene therapy. Representative classes of genes 
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include immunogenes (e.g. c\iokine gene therapy. DNA-based cancer vaccines), cytotoxic genes and 
especially genes for enzyme-prodrug therapy (e.g. genes encoding viral thymidine kinase, bacterial or other 
cytosine deaminase, cytochrome P-450 or bacterial nitroreductase) and defect correction genes (e.g. tumour 
suppressor genes and especially p53). 

5 

The invention also includes products in which the nucleic acid material has a non-specific and/or non- 
amisense effect, for example products which inhibit viral infection by interference with absorption, 
penetration or uncoating of viruses. 

10 The Proliferativelv Active Moictv 

Since the invention is concerned primarily with a delivery technique for nucleic acids and not with the 
treatment of a specific disease, the products of the invention are not restricted as to the precise identity or 
function of the proliferativeiy active moiet>'. However, the proliferatively active moiety is usually a 
15 cytokine or growth factor. The cytokine may be an interieukin. for example a TNF, for example an M-CSF; 
an IFN, for example an FGF; an IGF; a TGF, for example a GM-CSF; an SCF; a G-GSF; or an EPO. 

The cytokine is preferably a human cytokine. 

20 The growth factor may be a haematopoietic or lymphopoietic grovvth factor. They are a family of 
glycoprotein hormones which regulate survival, proliferation, and differentiation of progenitor cells, in 
addition to impacting on some functional activities of mature lymphohaematological cells. 

Suitable growth factors include: 
25 Erythropoietin (Epo); 

GM-CSF; 
G-CSF; 

SCF (Stem cell factor); 
Multi-CSF (also known as interleukin-3); 
30 M^CSF: 

E-CSF (or Interleukin-5); 

IGF- 1 (Insulin-like growth factor); 

PDGF (Platelet-derived growth factor); 

TGF beta2 {Transforming growth factor -beta2) 

35 

The proliferatively active or mitogenic moiety is internalised by target cells in a preferred class of products 
but in another class of products is not internalised. For example, the mitogenic moiety may be a growth 
factor such as an EGF or FGF which is Tyr kinase/SH2 mediated. In the case of non-intemaiised mitogens. 



SUBSTITUTE SHEET (RULE 26) 



wo 00/74724 



PCT/GBOO/02014 



12 

the nucleic acid material is preferably cieavable from the mitogen and'or associated with a delivery material, 
e.g. a liposome or DNA binding material. 

Applications of FGF products include their use as antiangiogenic factors in solid cancers, and to block 
5 hyperactivation of fibroblasts in scleroderma. In particular, FGF-2 and FGF-7, both of which have high 
affinity receptors, have been implicated in prostate cancers. 

The present invention provides products comprising a domain functional to bind to an EOF, FGF-2 or FGF- 
7 receptor (especially a high affinity receptor) to promote proliferation and a nucleotide, e.g. genetic 
10 material. The domain or moiety having EGF, FGF-2 or FGF-7 receptor binding function serves as a vector 
for directing the second domain or moiety to cells having, as the case may be, EGF receptors, FGF-2 
receptors or FGF-7 receptors and especially EGF high affinity receptors, FGF-2 high affinity receptors or 
FGF-7 high affinity receptors. The products having FGF-2 or FGF-7 receptor binding fiinction are useftil 
for targeting anti-cancer drugs to breast, stomach, oesophageal and prostate rumour cells. 

15 

The products having EGF receptor binding function are useful for targeting anti-cancer drugs to most 
tumour types but particularly those of breast, stomach, ovarian, bladder and prostatic origin. 

The two domains or moieties are suitably linked by a physiologically cieavable link which will be cleaved in 
20 the receptor-bound product. The linkage between the two domains or moieties may be covalent but is not 
covalent in some of the products. One class of products comprises molecules having a multi-part bridging 
group as described above. 

Cytokines or growth factors (or proliferative agents) may be native or a mutein representing the native 
25 molecule modified by one or more amino acid alterations (deletions, additions or substitutions). Such 
muteins, usable in the present invention, possess the biological activity of the native protein, in the sense of 
having both functional affinity for the receptor (and in one class of embodiments functional affinity for the 
high affinity receptor) and in many cases a capability of forming, with the receptor, a product internalised by 
the cell presenting the receptor. 

30 

The cytokines and growth factors are preferably recombinant molecules, but may be produced by cultivating 
cytokine or growth factor producing ceil lines, for example peripheral blood lymphocytes. 

In one class of embodiments, the products comprise a nucleotide associated with protective and/or DNA- 
35 binding material linked to a molecule which is functional to have a high affinity with a cytokine or growth 
factor high affinity receptor, and to form a complex with such a receptor which is, in one class of products, 
internalised by the cell presenting the receptor. In a particular class of products, the molecule may be a 
native or mutein cytokine, or a fragment thereof In another class of products, the molecule may be a native 
or mutein growth factor, or a fragment thereof 
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Particularly preferred is the cytokine interleukin-2 (IL-2). IL-2 is a lymphokine which is produced by 
normal peripheral blood l\7nphocytes, and induces proliferation of antigen or mitogen stimulated T-cel!s 
after exposure to plant lectins, antigens, or other stimuli. IL-2 was first described by Morgan, D A., at el., 
5 Science (1976), 193: 1007-1008. Then called T-cell growth factor because of its ability to induce 
proliferation of stimulated T !ymphoc>tes, it is now recognised that, in addition to its growth factor 
properties, it modulates a variety of functions of immune system ceils in vitro and in vivo, and has been 
renamed interleukin-2 {IL-2). 

10 Interieukin-2 may be made by cultivating human peripheral blood lymphocytes (PBL), as described, for 
example, in US Patent No. 4,401,756. As a preferred alternative, the IL-2 may be recombinant. Taniguchi, 
T. et al., Nanire (1983), 302:305-310 and Devos, R., Nucleic Acids Research (1983), 11:4307-4323 have 
reported cloning the human iL-2 gene and expressing it in micro-organisms. 

15 US Patent No. 4,518,584 describes and claims muteins of IL-2 in which the cysteine normally occurring at 
position 125 of the wild-type or native molecule has been replaced with a neutral amino acid, such as serine 
or alanine. An oxidation-resistant mutein of IL-2 which is biologically active may be prepared wherein each 
methionine residue of the protein from which the mutein is derived is replaced with a conservative amino 
acid such as alanine; the methionine residue(s) is/are susceptible to chloramine T or peroxide oxidation. 

20 These IL-2 muteins possess the biological activity of native IL-2. US Patents Nos. 4,530,787 and 4,569,790 
disclose and claim methods for purifying recombinant native IL-2 and muteins thereof, as well as purified 
forms of IL-2. The aforesaid US patents are included herein by reference. 

The IL-2 mutein desala|-lL-2 serp5 (Aldesieukin) is available commercially from Chiron B.V. of 
25 Amsterdam, Netherlands under the trade mark Proleukin®. 

The Linkage between the Proliferativelv Active Moiety and the Nucleic Acid 

The nature of the linkage between the proliferative ly active moiety and the nucleic acid material is not 
30 critical to the invention. In some instances a bridging group is directly linked to the two of them by covalent 
bonding. In some other cases, a bridging group is directly covalently bonded between the proliferativelv 
active moiety and the associated material. The bridging group may comprise a known heterobifunctiona! or 
homobiflinctional linker, or it may be formed by the interbonding of two heterobi functional linkers. In some 
cases, a peptide linker is used, for example between the proiiferatively active material and the envelope of a 
35 liposome (see for example Ref: 19). 

The proiiferatively active moiet>' is usually peptidic, and is in a preferred class of products covalently 
bonded to the nucleic acid or the associated material. The peptidic moiety may be covalently bonded to the 
nucleic acid or associated material via a bridging moiety which is bonded to the peptide through a priman.' 
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amine residue thereof and to the other material through a functional group thereof. For example, a 
poiylysine or PEI compiexing moiety may be linked through one of its amine groups to the bridging group, 
and a nucleic acid may be linked through one of its hydroxy groups to the bridging groups. 

5 The two active domains of the molecule (the proliferatively active moiety and the nucleic acid or genetic 
material) are in a preferred class of molecules bonded to each other via a bridging moiety which comprises a 
first heterobiftmctional cross-linker residue bonded to the proliferatively active moiety and to a second 
heterobi functional cross-linker which in turn is bonded to the nucleic acid or associated material. 

10 Other Features 

The invention also includes in another aspect a method of treating by prophylaxis or therapy a disease or 
disorder involving cells bearing a high affinity receptor for, in particular, a cytokine or growth factor, 
comprising administering to a patient an effective amount of a product comprising an agent which is 
15 biologically active when in said cells and is linked to said cytokine or growth factor; such products and 
preparations containing them form a further aspect of the invention. 

Additionally included in the invention is a product of the invention for use as a pharmaceutical, especially in 
internalising the biologically active agent into a cell having a high affinity receptor for the proliferatively 
20 active agent, cjiokine or growth factor of the product. 

Another aspect of the invention resides in the use of a product of the invention for the manufacture of a 
medicament for internalising the biologically active agent into a cell having a high affinity receptor for the 
proliferatively active agent, cytokine or growth factor of the product and optionally for stimulating 
25 lymphocyte proliferation. 

The invention will now be illustrated by way of example with reference to certain specific cytokines, growth 
factors, biologically active agents and diseases. Of course, the invention is not limited to these specific 
features. 

30 

The products of the invention preferably act only on cells presenting a high affinity receptor for the cytokine 
or growth factor, which are typically lymphocytes or other cells involved in the immune response. The 
action of a product of the invention on its target ceils depends on the function of the active agent. 

35 The molecular ratio of the active agent:nucleic acid material in the products of the invention is not critical. 
Thus the invention includes ratios of 1:1 or less but in some embodiments the ratio is greater than 1:1, e.g. 
1:1000 or more. i.e. a plurality of active agent molecules/atoms may be bound to each proliferatively active 
moiety 
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The inventive products v^ill now be described in more detail, by way of example, with reference to 
illustrative products and product classes. 

InterIeukin-2/antisense product 

5 

IL-2/antisense fusion products are usefijl for introducing specific antisense sequences (oligonucleotides) into 
ivTTiphocytes bearing the iL-2 receptor. 

Using cytokines (e.g. IL-2) which internalise into target ceils, an antisense compound for a given tract of the 
10 HIV genome (e.g. genome coding for an envelope protein, or for the enzvTne transcriptase) may be 
introduced specifically into the lymphocytes of a given patient, using a pharmacological strategy, such as IV 
administration, for example. 

IL-2/'antisense products may also be used to introduce antisense compounds or antioncogenes into the T-cell 
1 5 lineage affected by neoplastic transformation, where gene mutation, or oncogene hyperexpression is known. 

Treatable Diseases 

The IL-2/active compound fusion products are useful for diseases for which the lymphocyte is mainly 
20 involved in tissue damage, and the resultant development of a given disease entity. 

In essence, Interleukin-2 high-affinity receptor-directed immunosuppressive therapy acts pharmacologically, 
but only on recently activated lymphocytes (particularly T- cells), which bear this structure on the cellular 
membrane. The activation signal is absent from the surface of resting T-cells and all other non-lymphoid 
25 tissues. As such, very low doses of cytokine/nucleic acids can be targeted. 

Since the receptor is only transiently expressed during the brief proliferative phase, when lymphocytes 
respond to antigen stimuli (autoiogous-antigen in the case of autoimmune diseases, and heteroiogous- 
antigens in the case of transplantation), it is possible to achieve selective in vivo immunosuppression, 
30 directed solely towards activated lymphocytes (oligoclonal immunosuppression). This pharmacological 
action is totally different ft-om the general immunosuppression action exerted by conventional 
immunosuppressive drugs. 

Diseases which can benefit from this approach include autoimmune diseases, transplant rejection, HIV- 
35 infection, and lymphoproliferative diseases. 

Autoimmune Diseases 
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Autoimmune diseases are a wide variety of disorders with a common pathogenic pathway: immune attack 
on target organs due to abnormal recognition of tissue antigens, and/or cellular antigens, by the immune 
system, particularly by T-Kmphocytes (17). 

5 This immune attack is implemented by a network of T-cell-mediated cvlotoxicity, humoral autoimmune 
antibodies produced by B-lymphocytes, complement activation and consumption, and fmally by tissue 
damage. The central role of the abnormal activation of the T-lymphocytes lineage in all autoimmune 
diseases is well recognised. 

1 0 The clinical disorders under this heading and their target organs include the following: 







1. 


Autoimmune diabetes mellitus (Type I diabetes) — > endocrine pancreas 






2. 


Autoimmune thyroiditis (Hashimoto and others) — > thyroid 






3. 


Autoinmune hepatitis (chronic active hepatitis) — > liver 


2 


15 


4. 


Rheumatoid arthritis — > syno vial/joints/ viscera 






5. 


Autoimmune Nephritis (glomerulonephritis) — > kidney 






6. 


Uveitis (Behcet's syndrome) — > eye 






7. 


Multiple sclerosis — > CNS/PNS 






8. 


Sjogren syndrome — > saliva glands 




20 


9. 


Scleroderma — > skin/viscera 


ass:.'; 




10. 


Dermatopolimyositis — > skin/muscle/viscera 






11. 


Systemic Lupus Erythematosus(SLE) — > viscera/skin/hematopoieses/mucose 






12. 


Autoimmune hemolytic anaemia — > erythrocyte 


i IJ 




13. 


Idiopathic thrombocNtopenic purpura (ITP) — > platelet 




25 


14. 


Autoimmune neutropenia — > neutrophil 






15, 


Vasculitis — > vessels 






16. 


Crohn's disease — > bowe! 






17. 


Ulcerative colitis — > bowel 






18. 


Coeliac disease — > bowel 




30 


19. 


Psoriasis — > skin/joints/viscera 






20. 


Sarcoidosis — > lung/viscera/'skin 






21. 


Atopic syndromes. 



In the majority of these pathological manifestations, there is a pathogenic lymphocyte-mediated reaction, 
35 and cvtotoxicity. 

The evidence to support the role of T-celis in the pathogenesis of specific disease and progression of 
targeted tissue damage is substantial. In most of the diseases listed above, CD4 cells (a cytotoxic subset of 
T-cells) are the dominant T-cell phenotype in the target tissues. T-cells express several activation markers. 
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Experimentally, there is evidence that autoimmune diseases improve when T-cell targeted intervention 
occurs, as in thoracic duct drainage, total lymphoid irradiation, and administration of Cyclosporin. 
Furthermore active autoimmune disease is generally less severe in AIDS patients who have CD4 cytopenia. 

5 Most autoimmune diseases are treated by anemptins to reduce the function of the immune system using 
immunosuppressive and anti-inflammatory drugs. This therapeutic strategy is conducted in a non-specific 
way, resulting at times in iatrogenic toxicity and a faihire to control the overall disease process. 

Lymphocytes, responsible for the acute phase of a given autoimmune attack, all bear the high-affinity IL-2 
10 receptor on the membrane. They are antigen-activated, or cytokine-activated, lymphocytes with a high 
avidity for IL-2. 

The parenteral administration of very-low doses of IL-2/ immunosuppressive nucleic acids enables the use 
of IL-2 as the vector of pharmacologically active nucleic acids to exert inmiunosuppression. The IL- 
15 2/immunosuppressant nucleic acid products selectively bind to, and interact with, only those cells bearing 
the high-affinity receptor of IL-2. This means that immune cells, responsible for tissue damage and disease 
progression, are inactivated selectively, potentially curing patients with chronic diseases, or reducing their 
relapse rate. 

20 Recombinant proteins, for example recombinant IL-2 and other recombinant cytokines and growth factors, 
usually have low immunogenicity and good tissue distribution. After parenteral administration, every tissue 
compartment in the body is exposed, including all lymphocytes (circulating lymphocytes, lymphocytes in the 
tissues, and lymphocytes in the lymph nodes). 

25 Transplantation 

The acute or chronic rejection of a transplanted organ is related to heterologous antigens (antigen specific to 
the donor transplanted organ(s)) presenting to host T-cells. Following antigen presentation and recognition, 
immune ceils enter into a proliferative, phase, during which the high-affinity receptor for IL-2 is expressed. 
30 This leads to activation of the c>totoxic process, and to damage and subsequent failure of the transplanted 
organ. 

The use of IL-2 as a vector to target immunosuppressive nucleic acids achieves longevity of transplanted 
organs without the associated toxicity of conventional immunosuppressive therapy (acute, delayed, and long 
35 term). 

Allogeneic bone marrow transplantation (ABMT) is used to treat and cure leukemias (both lymphoid and 
myeloid), thalassemia, and solid tumours. The products of the invention have the potential to reduce the 
incidence of Graft- Versus- Host-Disease (GVHD), which is the reaction of the donor immune system against 
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tissue antigens of the host, without compromising the global immune-system (of graft origin). As a result, 
there could be a reduction in mortality rate due to GVHD (currently in excess of 40%), a reduction in 
infectious complications, and a positive anti-tumour effect on minimal residual disease (the so-called Graft- 
Veirsus- Leukaemia effect). 

HIV-Infection 

The administration oflow-dose lL-2/antisense nucleotiide specific to HIV-genome fraction exerts in vivo an 
immunosiimulatory effect on HIV-negative lymphocynes bearing the high-affmit\' receptor. The antisense 
10 nucleotide is introduced into the cytoplasm of HIV-infected lymphocytes (CD4 cells), leading to a selective 
destruction of infected cells, without impacting on the normal reactive lymphocytes which are stimulated- 

Lvmphoproliferative diseases (Lymphoblastic leukaemia and lymphomas) 

15 Using an IL-2/cytotoxic gene construct, it is possible to selectively kill the neoplastic lymphoid lineage 
expressing the high-affmity IL-2 receptor, without inducing any critical systemic toxicity on non-iymphoid 
comparmients. 

Products containing growth factors or cytokines other than IL-2 may be used in the therapies described 
20 below: 

TNF-a has as its target cells macrophages and osteoclasts. TNF-a/blocking compound products may be 
used to insert into macrophages a blocking nucleotide (which blocks cellular function and/or kills the cell). 
Such products potentially provide an imponant tool in some pathological conditions, e.g. advanced solid 
25 cancers where macrophage hyperstimulation and activation is responsible for cachexia and tumour 
progression, monocyto-macrophage neoplasms (e.g. histiocytosis), transplant rejection and GVHD, 
autoimmunit>', and neurological degenerative diseases (the TNF receptor in its extracellular domain is 
similar to nerve Growth Factor receptor), 

30 M-CSF (macrophage colony stimulating factor) may be used to form products containing blocking 
nucleotides, useful for treating the same classes of conditions as TNF-a/blocking nucleotide products. 

M-CSF is also responsible for microglial proliferation in the CNS. Other potential applications are therefore 
in some degenerative diseases of the CNS. such as Alzheimer's syndrome, and in bone diseases. 

35 

The IFN/nucleic acid products (!FN-a. -P or -y) may be used to modify the function of activated 
lymphocytes, macrophages, endothelial ceils and fibroblasts, or to incapacitate them in different 
pathological conditions, such as in HIV-infection (AIDS), and fibroblast-related diseases such as 
scleroderma. 
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Potential applications of FGF products include their use as antiangiogenic factors in solid cancers, and to 
block hyperactivation of fibroblasts in scleroderma. The invention enables the preparation of FGF products 
capable of acting as an antagonist in relation to the cell types listed earlier in this specification as having 
FGF high affinity receptor when activated. 

IGF products may be used to treat breast cancer. Due to the presence of the high affinity receptor in CNS 
(neuroglia), it could also be used in some degenerative neurological disorders. 

TGFP products have applications similar to those of FGF and IGF constructs. 

GM-CSF constructs may be used to selectively kill myeloid blasts responsible for myeloid leukemias. G- 
CSF products have similar pharmacological activity to the GM-CSF products, but bind to a different high- 
affinity receptor present only in multipotent stem cells in the bone marrow. 

Epo fusion products may be used for diseases such as polycythemia and erythroleukemia, for example. 

Epo/gene sequence fiision products, in which the DNA fraction is the normal gene for haemoglobin beta- 
chain, may be used for introducing the normal gene into the erythroid lineage in patients affected by beta- 
Thalassemia. In this genetic disease, the abnormal gene, coding for a non-functional haemoglobin beta- 
chain, is present in the erythroblastic progenitors in the bone marrow. The insertion of the normal gene, 
through the Erythropoietin vector, selectively into the bone marrow erythroblastic lineage, represents true in 
vivo gene-therapy, to potentially cure patients with this disease. The same consideration applies to another 
genetic haemoglobin disease: sickle cell anaemia. 

IL-6 constructs may be used to block cells, having IL-6 high affinity receptors, which are involved in 
multiple myeloma, osteoclastic hyperactivation (metastasis to the bone), cancer-related bone lesions and 
osteoporosis. 

Some specific vector/ gene combinations and related disease targets are set out below: 

1 . Epo/functional Hb-beta-gene in Thalassemia 

2. Epo/SS-wiid gene is Sickle Cell Anemia (or Sickle Cell Disease) 

3. GM-CSF/ABL_BCR gene in Chronic Myeloid Leukemia (CML) Phyladelphia + (Ph+) and its 
accelierated phase (Elastic crisis). 



SUBSTITUTE SHEET (RULE 26) 



wo 00/74724 



PCT/GBOO/02014 



20 

4. G-CSF/ABL_BCR gene in Chronic Myeloid Leukemia (CML) Phyladelphia + (Ph+) and its 
accelierated phase (Blastic crisis). 

5. SCF/ABL_BCR gene in Chronic Myeloid Leukemia (CML) Phyladelphia + (Ph+) and its 
accelierated phase {Blastic crisis) and AML Ph+ (rare subform of AMLs). 

6. IGF-1/P53 tumor-suppressor gene in breast adenocarcinoma 

7. IGF-l/antisense HER-2Neu in breast adenocarcinoma 

8. IL-2 (or) IL-3 (or) GM-CSF/flinctional genes in congenital immunodeficiencies (usually these 
immunodeficiencies are inherited as poligenic defects: severe combined immunodeficiencies, Di 
George's syndrome, Nezelof s syndrome. Ataxia-teleangiectasia, X-linked gammaglobulinemia) 

9. IL-2/flinctional gene in selective deficiency of T-iymphocyte ftinction such as inherited purine 
nucleoside phosphorylase deficiency (PNP syndrome) 

10. M-CSF/fiinctional gene in congenital macrophage enzymatic monogenic deficiencies usually 
present in lysosomal storage diseases. Lysosomal storage diseases include most of the lipid storage 
disorders, the mucopolysaccharidoses and glycoprotein storage diseases which are characterised 
by mono-enzymatic defects (beta-galactosidase, beta-giucocerebrosidase deficiency in Gaucher's 
disease, alpha-fucosidase deficiency in Fucosidosis, ceramidase deficiency in Farber's disease and 
hexosaminidase-A deficiency in Tay-Sachs syndrome). All these serious congenital conditions 
may have their onset in infantile, juvenile and adult age. 

M-CSF/wild gene coding for a functional enzyme selected on the basis of the specific deficiency, 
once integrated into macrophages and transcripted into protein, will compete with the non- 
fiinctionai protein and repair the defect in vivo. 

11. M-CSF, SCF or GM-CSF/f\inctionai gene in acid sphingomyelinase deficiency in monocytes/ 
macrophages in Niemarm-Pick disease. 

The invention includes products comprising a moiety having M-CSF, SCF or GM-CSF function linked to a 
functional acid sphingomyelinase gene. 



Adenosine Deaminase (ADA) Deficiency 



SUBSTITUTE SHEET (RULE 26) 



wo 00/74724 



PCT/GBOO/02014 



21 

ADA deficiency in its most severe form results in the syndrome of Severe Combined Immunodeficiency 
Disease (SCID), and presents as a reduction in. and abnormal function of, both T and B lymphocytes. Less 
severe disease is usually associated with T-cell dysfunction and a more variable loss of B-cell function, it is 
now recognised that ADA deficiency can result in slowly progressive immune dysfunction, which presents at 
birth but also in adolescents and adults. 

Approximately 20% of all patients with SCID have an ADA-gene mutation. Approximately 50% of patients 
with autosomal recessive inherited SCID have an ADA-gene abnormality, the remainder having other 
inherited abnormalities. The gene for ADA is located on chromosome 20q. More than 25 single base 
changes within the coding region, as well as several deletion and splicing mutations leading to loss of 
enzymatic activity have been identified. ADA catalyzes the irreversible deamination of adenosine to 
inosine, and of 2-deoxyadenosine to 2-deoxyinosine. 

Allogeneic bone marrow transplantation is currently the treatment of choice for ADA-deficient SCID, but an 
HLA-identical donor is available only for a minority of patients. An aiiemative therapy is the injection of 
PEG-ADA (daily enzyme replacement). 

The ADA gene has been sequenced and the structure of the enzyme has been determined. Several patients 
have been treated with ADA-cDNA ex-vivo transduced autologous T-lymphocytes using retroviral vectors 
(Refs 26-36). Results have been poor and the major barrier to effective gene therapy remains the low 
efficiency of stem cell transduction with retroviral vectors. 

Recombinant IL-2 has been used at low doses in SCID and ADA-SCID patients (Ref 37). Therapy with low 
dose rlL-2 has resulted in a marked clinical improvement as well as improved T-cell function. Futhermore 
IL-2 is normally used to expand T-cells in vitro from ADA-SCID patients before ADA-cDNA transfection 
with retroviral vectors. 

Lymphocytes and lymphoblasts from ADA-SCID patients and ADA-SCID animal model (ADA-SCID 
mouse) are responsive to low dose iL-2 stimulation, both in vitro and in vivo. In other words, the IL-2 
mechanism and its cascade of intracellular events (cytoplasmic intemalisation following high affinity 
receptor binding, intemalisation and T-ceil proliferation) is maintained in SCID. 

The invention therefore includes products comprising a first domain which comprises an IL-2 sequence 
functional to be recognised by high affinity IL-2 receptors and to promote proliferation linked to a second 
domain which comprises a gene for functional ADA. The gene is usually associated with protective material 
as described above, e.g. poiyiysine. Also included in the invention is a product comprising a functional IL-2 
linked to an expression vector comprising a gene for functional ADA. 
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Preparation 

Recombinant Polynucleotides 

The skilled person can readily construct a variety of clones containing functional nucleic acids. Cloning 
methodologies to accomplish these ends, and sequencing methods to verify the sequences of nucleic acids, 
are well known in the art. Examples of appropriate cloning and sequencing techniques, and instructions 
sufficient to direct persons of skill through many cloning exercises are found in Sambrook, et aL, Molecular 
Cloning: A Laboratory Manual (2nd Ed., Vols. 1-3, Cold Spring Harbor Laboratory (1989)), Methods in 
Enzymology, Vol. 152: Guide to Molecular Cloning Techniques (Berger and Kimmel (eds.), San Diego: 
Academic Press, inc. (1987)), or Current Protocols in Molecular Biology, (Ausubei, et al. (eds.), Greene 
Publishing and Wiiey-Interscience, New York (1987). 

Product information from manufacturers of biological reagents and experimental equipment also provide 
information useful in known biological methods. Such manufacturers include the SIGMA chemical 
company (Saint Louis, MO), R&D systems (Minneapolis, MN), Pharmacia LKB Biotechnology 
(Piscataway, NJ), CLONTECH Laboratories, Inc. (Palo Alto, CA), Chem Genes Corp., Aldrich Chemical 
Company (Milwaukee, WI), Glen Research, Inc., GIBCO BRL Life Technologies, Inc. (Gaithersberg, MD), 
Fluka Chemica-Biochemika Analytika (Fluka Chemie AG, Buchs, Switzerland), Invitrogen, San Diego, CA, 
and Applied Biosystems (Foster Citys CA), as well as many other commercial sources known to one of skill. 

Polynucleotides containing a desired gene can be prepared by any suitable method including, for example, 
cloning and restriction of appropriate sequences as discussed supra, or by direct chemical synthesis by 
methods such as the phosphotriester method of Narang et al. Meth. Enzymol. 68: 90-99 (1979); the 
phosphodiester method of Brown et al., Meth. EnzymoL 68: 109-151 (1979); the diethyiphosphoramidite 
method of Beaucage et a!., Tetra. Lett., 22: 1 859-1 862 (1981); the solid phase phosphoramidite triester 
method described by Beaucage and Canithers (1981), Tetrahedron Letts., 22(20): 1859- 1 862, e.g., using an 
automated smhesizer, e.g., as described in Needham-VanDevanter et al. (1984) Nucleic Acids Res., 
12:6159-6168: and, the solid suppon method of U.S. Patent No. 4,458,066. Chemical synthesis produces a 
single stranded oligonucleotide. This may be converted into double stranded DNA by hybridization with a 
compiementar\- sequence, or by polymerization with a DNA polymerase using the single strand as a 
template. One of skill would recognize that while chemical synthesis of DNA is limited to sequences of 
about 100 bases, longer sequences may be obtained by the ligation of shorter sequences. 

Nucleic acids may be modified by site-directed mutagenesis, as is well known in the art. Native and other 
nucleic acids can be amplified by in vitro methods. Amplification methods include the polymerase chain 
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reaction (PCR), the ligase chain reaction (LCR), the transcript ion -based amplification system (TAS), the 
self-sustained sequence replication system (SSR). A wide variety of cloning methods, host cells, and In 
vitro amplification methodologies are well-known to persons of skill. 

Protective Material/DNA-Binding Material 

Micelles or cationic materials, for example cationic polymers, are commercially available and the use of 
liposomes in gene therapy is reviewed by Lasic and Tempieton {Lasic D D, Tempieton D S (1996) 
Advanced Drug Reviews 20:22 1 -226). 

Linking 

The proliferatively active moiety and one of the nucleic acid material and protective/DNA-binding material 
are suitably interlinked using a multifunctional (e.g. biflinctionai) linker which reacts with respective 
functional groups on the two components. In some embodiments the two constiment parts are linked by an 
intracellularly cleavable link. In other embodiments, the link is intracellularly stable. 

The link may comprise a bridging group comprising the inter-bonded residues of two heterobifunctional 
cross-linkers, as described in our US provisional patent application filed on the same day as this application 
under the title "Novel Constructs". The potential benefit of this technique is that it helps avoid the 
preparation of dimers, by separately preparing (i) an active moiety-linker construct and (ii) a nucleic acid- 
linker construct or protective material- or DNA-binding material- linker construct, and then reacting 
together constructs (i) and (ii) to join their respective linkers together. The linkers are obviously chosen to 
be reactive to each other, as well as to the material forming the residue of the construct (i) or (ii). 

The preparation of products comprising a polypeptide linked to another moiety is well known, as for 
example in the case of fiision proteins, and the skilled person will therefore require no elucidation of 
preparatory techniques. In general terms, suitable linkers are multifunctional, and especially bifiinctionaJ 
compounds capable of reacting with a polypeptide and a nucleotide. 

One exemplary technique involves the use of acid-cleavable reagents for interiinking two poKpeptides. 
Such acid-cleavable linker reagents, based on orthoester, acetai and ketal functionalities, have been 
described previously (Ref 18), and are bifiinctional compounds whose hydrolytic rate constants increase as 
the pH decreases. The crossiinkers react with the proteins via heterobifunctional groups (e.g. maleimide or 
N-hydroxysuccinimide ester) or homobifunctional groups (e.g. bis-maleimide or bis-succinimidyl). 

Three particular cross- h'nking agents which may be used are: 
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L Disuccinimidyl suberate. This is a homo-bifunctional cross-linking reagent, containing the N 

hydroxy succinimide ("NHS") ester reactive group, which is reactive towards amino groups. The chain of 
the cross-linking reagent is non-cleavable. 

2. Ethylene g]ycobis[succinimidyl succinate]. This too is a homo-bifunctional cross-linking reagent, 
containing the NHS ester reactive group, which is reactive towards amino groups. The chain of the cross- 
linking reagent is cleavable. 

3. Succinimidyl 6-[3-(2-pyridylthio)-propionamido] hexanoate. This is a hetero-bifunctiona! cross- 
linking reagent, containing the pyridyldithio and NHS ester reactive groups, which are reactive towards 
sulfhydryl and amino groups. The chain of the cross-linking reagent is cleavable. 

A table containing more information about these crosslinkers and other suitable candidates appears below: 
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NAME 


ABBREVIATION 


REACTIVITIES 


A^-(P-Maleimidopropionic acid) hydrazide 
(trifluoroacetic acid salt) 


BMPH 


Sulfhydryl / Carbonvl 


Disuccinimidyl suberate 


DSS 


Amine / Amine 


Ethylene glycoIbis(succinimidy(succinate) 


EGS 


Amine / Amine 


Succinimidyl 6-[3'-(2-pyridyidithio)-propionamido] 

ncxanoaic 


LC-SPDP 


Amine / Sulfhydryl 


4(4-Maleiniidomethyl) cyciohexane 1-carboxyl 
nyuraziucv /i uioxane 


M2C2H 


Sulfhydryl / Oxidised 
Carbohydrate (Carbonyl) 


4(4-iV-maleimidophenyl)butyric acid hydrazide 
hydrochloride • 14 dioxane 


MPBH 


Sulfhydryl / Oxidised 
Carbohydrate (Carbonyl) 


3-(2-pyridyIdithio)propionyi Hydrazide 


PDP-Hydrazide 


Sulfhydryl / Oxidised 

Carhnhvrir5itf> ^^^arKr»r^^/^ 


N-(/3-MaieimidophenyI) isocyanate 


PMPI 


Sulfhydryl / Hydroxyl 


B i s(s ul fosucc in im i dy l)suberate 


BS3 




Suifosuccinimidyl 6-[3 '-(2-pyridyidithio)- 
propionamido] hexanoate 


Su!fo-LC-SPDP 


Amine / Sulfhydryl 



Products in which the proliferative ly active moiety (especially cytokine or growth factor) and nucleotide are 
acid-cleavably linked benefit from the potential advantage that the product is cleaved in the endosome to 
release the nucleotide in free form. 



The literature describes a number of techniques for linking substances to proteins, typically by using 
bifunctional iinker-chelating agents. For example, the reader is referred to the textbook "Laboratory 
Techniques in Biochemistry and Molecular Biology", Volume 19, edited by R. H. Burdon and P. H. van 
Knippenberg, published by Elsevier and to Chapter 3 ("Peptide-Carrier Conjugation") of the textbook 
"Synthetic Polypeptides as Antigens" by M. H. V. Van Regenmortel et al, published by Elsevier (1988). 

Heterobifiinctional linkers suitable for conjugating cvtokines and growth factors to biologically active agents 
are obtainable from Pierce & Warner (UK) Limited. 44 Upper Northgate Street, Chester CHI 4EF, UK, or 
Pierce Chemical Company, PC Box 117, Rockford, IL 61105, USA, whose literature provides further 
information. 

Administration 
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The iL-2 and other cytokines or growth products may be administered parenteraliy, in contemplated 
amounts of from 10.000 - 1.000.000 international Units, and suitably by intravenous, intramuscular or 
subcutaneous injection e.g. (less than I jig to 0.1 mg of recombinant protein), to give very low plasma 
concentrations. For example, the plasma IL-2 concentrations may be close to the dissociation constant 
5 (KD) of the concentration of IL-2 that saturates 50% of the IL-2 high-affinity receptor isoform. 
Furthermore, this range of dose is generally without systemic adverse side effects. 

The products of the invention may be formulated as human or veterinary pharmaceutical formulations in 
practice comprising a phanmaceutically acceptable diluent carrier or excipient. 

0 

The formulations may be in the form of solutions or suspensions. The formulations are suitable for parental 
(e.g. iv or sc) administration but, oral formulations are not excluded. 



EXAMPLES 

Protocols suitable for crosslinJking nucleotide material with peptides, exemplified by the IL-2 mutein 
Aldesleukin, will now be described. The specific reaction conditions may of course be varied from those 
described. 



20 
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Modification of Proteins Using LC-SPDP. 

LC-SPDP = Succinimidyl 6-[3*(2-pyridyIdithio)-propionamido]hexanoate 
Materials: 



LC-SPDP stock solutions: 20mM LC-SPDP in DMSO Note: Prepare just before use. 
Reaction buffer: 20mM sodium phosphate, 150mM sodium chloride, ImM EDTA, pH7.5 
Acetate buffer: lOOmM sodium acetate, lOOmM sodium chloride, pH4.5 
BioRad Micro Bio-Spin Desalting Columns 

Dithiothreitol (DTT): 24mg/ml in lOOmM sodium acetate pH4.5, lOOmM sodium chloride. 
Aldesleukin stock solution: Dissolved at I.53mg/ml (O.ImM) in reaction buffer 



30 Method : 

1. To 9^1 of Aldesleukin stock solution, add 1^1 of the 20mM LC-SPDP stock solution. 

2. Incubate for 30 minutes at room temperature 

3. To remove the unconjugated cross-linker, the sample is applied to a BioRad Micro Bio-Spin Desalting 
Column (pre-equilibrated in lOOmM sodium acetate, lOOmM sodium chloride, pH4.5), spin and the 

35 filtrate used for the subsequent DTT treatment. 

4. DTT (dissolved as above in the appropriate buffer) is added to a final concentration of 8mg/ml. 

5. Incubate at room temperature for 30 minutes 
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6. To remove the DTT, the sample is applied to another BioRad Micro Bio-Spin Desalting Column (pre- 
equiiibrated in conjugation buffer: 20mN4 sodium phosphate pH7.5, I50mM sodium chloride, ImM 
EDTA), spin and use the filtrate for the fmal conjugation reaction (see later). 

Modification of Nucleotide Material using PMPL 
PMPI = N-(p-Maleimidophenyl) isocyanate 
Materials: 

A: PMPI stock solution: 50mM in dry DMSO, freshly prepared before use 
B: Reaction Buffer: 20mm Tris-HCI pH8.5, lOOmM NaCl 
C: BioRad Micro Bio-Spin desalting columns 

Method: 

1: Add Ijil 50mM PMPI in dry DMSO to genetic material. Mix thoroughly. 
2: Incubate at room temperature for 60 minutes 

3: Remove the excess unreacted cross-linking reagent using a BioRad Micro Bio-Spin desalting 
colunm, pre-equilibrated in conjugation buffer (20mM sodium phosphate pH 7,5, ISOmM sodium 
chloride, ImM EDTA). The filtrate is used for the final conjugation reaction (see below). 

Conjugation Reaction: 

The desalted LC-SPDP-activated Aldesleukin and the desalted PMPI-activated genetic material are mixed in 
equal proportions and incubated at room temperature for 24 hours. The conjugation reaction is then 
analysed by SDS-PAGE, along u^ith samples from the activation reactions, to assess the conjugation 
efficiency. Conjugated product can then be purified by size-exclusion chromatography. 

Example 1 

Production of modified Aldesleukin 

Modification of Aldesleukin was performed according to the protocol set out above, except that 7 reactions 
were run for 0, 10, 20, 30, 40, 50 and 60 minutes at room temperature. The reaction mixtures were desalted 
as per the protocol (using BioRad Micro Bio-spin P6 desalting columns, used according to the 
manufacturer's protocols). A Ijil sample was removed from each filtrate for analysis by SDS-PAGE. [A 
12% acrylamide gel, run according to the method of Laemmli (Laemmli UK: Cleavage of structural proteins 
during the assembly of the head of bacteriophage T4. Nature 1970 Aug 15 227:259 680-5)]. The gel was 
then stained using Gelcode Blue (Pierce: used according to manufacturer's protocol). 

A ge! of a 60 minute run is shown in Figure 5. The picture shows the increase in apparent molecular weight 
af^er modification of Aldesleukin by LC-SPDP to illustrate that all of the Aldesleukin is covaiently 
modified- 
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Example 2 
Growth Assay 

The coiumn filtrates from Example I were resuspended to approximately 0.20 |ig/ml in standard HT-2 
culture medium (Iscove's Modified Dulbecco's Medium with added 10% Foetal Bovine serum, 20|iM 2- 
mercaptoethanol) and used in growth assays according to the protocol set out below. 

The assay samples were set up to contain 20ng/mi modified Aldesleukin species (1 set of samples from each 
reaction product), and plated out onto a 96-well plate. The final row was plated out containing only the 
recombinant IL-2 carried over from the stock cell culture. 

(HT-2 cells are standard cells for measuring induction of proliferation of T-lymphoc>tes, see Watson J 
Continuous proliferation of murine antigen-specific helper T lymphocytes in culture. J Exp Med 1979 Dec 
1 150:6 1510-9.) 

Growth Assay Protocol 
A: Setting up the Assay. 

1 . From the same master cell stock, set up 8 x 2ml aliquots of HT-2 cells in sterile containers in Iscove's 
Modification of Dulbecco's Medium (plus 10% PCS, 20^M fl-mercaptoethanoi, lOIU/mi recombinant 
human IL-2, or equivalent), at a cell density of between 20,000 and 30,000 per ml 

2. To each, add the IL-2 under test to the desired concentration. 

3. Plate out the cell suspensions into 96-well plates at \5Q\A per well as shown in Figure 6 
Grow on in an incubator for 4 days, counting the cells each day. 

4. Pool the remaining cell suspensions from the sterile containers for cell counting to establish a baseline 
cell density (use n=3 for the counts). 

B: The Cell Counting. 

! . Each day, count the cells which appear to be of both relatively normal morphology (round or nearly 
round), and exclude tr>'pan blue, using a haemocytometer. Note the time at which the cell counts were 
performed. 

2. Count three wells for each rest condition per day, and average the results. 
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Example 3 
5 Cell Viability 

The cell density in the initial cultures from Example 2 was assessed using a haemocytometer, and the viable 
ceils assessed by Trypan blue exclusion. These were counted in triplets, as were all samples throughout the 
assay period. The averaged cell densities are shown in foilowing Table I : 

10 

Average Cel! Densities 



! 0 


t 24i 


48: 


80: 


1005 


0 minutes 


32000 


49333 j 


180000 


762667 


533333 


10 minutes 


32000 


49333 


176000 


86667 


7000 


20 minutes 


32000 


680001 


149333 


50667 


13333 


30 minutes 


32000 


413331 


186667 


57333 


10667 


40 minutes 


32000 


800001 


193333 


37333 


8000 


50 minutes 


32000 


60000 S 


185333 


48000 


13333 


60 minutes 


32000 


58667 1 


173333 


69333 


12000 


Pos. Control 


32000 


44000 1 


229333 


601333 


110667 


Al/Filt 


32000 


65333 i 


220000 


118667 


8000 


NeQ. Control 


32000 


30666 1 


0^ 


01 


Oi 






i : • ^ 



^ The results are presented in a data chart in Figure 7. 

M Comparative growth responses to various IL-2 compositions comprising Aldesleukin (Proleukin®), native 
human IL-2 and recombinant human IL-2 are shown in Figure 8. and indicate that any of these IL-2s is a 
suitable mitogenic vector. 

20 

Example 4 

Transfection ofpEGFP-1 into HT-l cells 

25 pEGFP-l was transfected into HT-2 cells using Transfectam (Promega). The numbers of cells that 
expressed EGFP is shown in Table 2. The highest transfection efficiency (approximately 0.08%) was 
observed with a cationic lipid : DNA ratio of 4:1 using either Dix20 or Dfx50. The number of cells that 
were transfected was considerably higher when cultured at l.Ong^-^ml RhIL-2 compared with 0.2ng/ml RhIL- 
2. This may reflect the fact that these cells are proliferating more quickly and as a consequence of nuclear 

30 breakdown during the cell cycle it is easier for the plasmids to enter the nucleus and express their genes. 
Suppon for this theory comes from the observation that many of the EGFP expressing cells were found in 
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pairs which suggests that they may have recently divided. These results indicate that IL-2 and other 
proUferativeiy active moieties potentiate cells towards genetic or nucleic acid material. 

Table 2: Number of cells which express EGFP 28 hours after transfection 

5 



0.2na/ml RhIL-2 




1 Ratio Tfv::DNA 




Amount of 
DNA (ng) 


2:1 


4:1 


6:1 


TfxIO 


250 


0 


0 


0 


0 1 0 


0 




500 


0 


0 


0 


0 1 0 


0 


Tfx20 


250 


0 


0 


i 


0 j 0 


0 




500 


0 


0 


0 


0 i 0 




Tfx50 


250 


1 


0 


i 


0 1 0 


0 




500 


4 


3 


4 


0 1 0 


0 




LOng/mJ RhIL-2 




Ratio TfxiDNA 




Amount of 
DNA (ng) 


2:1 


4:1 


6:1 


TfxlO 


250 


0 


0 


0 


0 i 0 


3 




500 


0 


0 


0 


1 ( 0 




Tfx20 


250 


0 


0 


9 


8 


1 


4 




500 


0 


7 


10 


13 


0 


2 


Tfx50 


250 


32 


5 


14 


15 


21 


7 




500 


2 


8 


24 


5 


3 


6 



Example 5 

Characterisation of Pofyethelinimine (25k) 

i 

^ff 25k PEK in contrast to 800k PEI, is more homogeneous in terms of polymer length and has been reported to 
^"s have fewer toxic effects. Since a more homogeneous, product would simplify the interpretation of 

crossiinked products, 25k PEI was investigated as a possible candidate cationic polymer for this study. 

Initially 25k PEI was run on the column to determine the size profile. Comparison with the profile of 800k 
1 5 PEI reveals an equally heterogeneous range of species. 

A toxicity assay using serial dilutions of 25k PEI added to HT-2 cells cultured at LO, 0.5 and 0.2ng/ml 
RhIL-2 was performed and cell viability assayed for three days (see Figures 9a - c). There was a drop in cell 
viabilit>' at 2^g/ml 25k PEI in cells grown at 1.0 or 0.5ng/ml RhIL-2 whilst those cultured at 0.2ng/ml RhIL- 
20 2 showed a fall in viability at 1 ^g/ml 25k PEI. 25k PEI is slightly more toxic than 800k PEI for HT-2 cells 
which is contrast to the published results for other cell lines. 

Exsmiple 6 

Transfection of PEGFF.CAT into HT-2 cells using Polyethylenimine 

25 

An assay was performed to determine if polyethylenimine (PEI) can form complexes with the reporter 
plasmid which are capable of transfeciing HT-2 cells. Various ratios of PEI: DNA were used to ensure 
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optimal DNA compaction. In addition cells were gro\vn at l.Ong/ml RhIL-2 for 24 hours prior to the 
application of the DNA:PEI complexes, before being split into two plates, one at l.Ong/ml RhIL-2 and the 
other at 0.2ng/ml RhIL-2. The transfection complexes were then applied to the cells and centriftjged at 
SOOrpm for 5 min. After one hour incubation all the cells were covered with complete media containing 
1 .Ong/ml RhIL-2. The number of cells expressing EGFP 20 hours after transfection are shown in Table 3. 



Table 3 



PEIrDNA ratio 


l.Ong/mi RhIL-2 


0.2ng/ml RhlL-2 


800kD PEI 


25kD PEI 


SOOkD PEI 


25kD PEI 


500ng:500ng 


6 


30 


5 


10 


250ng:500ng 


0 


152 


1 


66 


100ng:500ng 


0 


0 


0 


0 


66.6ng:500ng 


0 


0 


0 


0 


50ng:500ng 


0 


0 


0 


0 


10ng:500ng 


0 


0 


0 


0 


100ng:500ng + 
chloroquinone 


2 


27 


0 


20 



The following conclusions may be drawn 

• The number of cells transfected increased with RhIL-2 concentration 

• 25kD PEI is far more efficient at gene delivery than SOOkD PEI 

• 25kD PEI is 2-3 times more efficient than the commercial transfection reagent Transfectam 
(comparative data not shown) 

• a ratio of 250ng PEI to 500ng DNA was the most efficient 

• the presence of chloroquinone improved the transfection efficiency. 

A second assay was performed to investigate the effect of the length of incubation of the 25kD PEIiDNA 
complexes before the addition of complete media {containing serum). The ratio of PEI:DNA was further 
investigated and the effect of chloroquinone more fully examined. The number of cells expressing EGFP 18 
hours after transfection are shown below in Table 4: 



Table 4 



25kDPEI:DNA 
ratio 


1 hour incubation 


2 hour incubation 


" chloroquinone 


+ chloroquinone 


+- chloroquinone 


- chloroquinone 


300ng:500ng 


6 


IS 


1 


26 


250ng:500ng 


21 


72 


14 


73 


200ng:500ng 


43 


273 


45 


245 


150ng:500ng 


25 


21 


20 


143 


100ng:500ng 


247 


0 


157 


0 



The following conclusions may be drawn 

• 200ng of PEI with 500ng of DNA gave the highest transfection efficiency in the presence of 
chloroquinone 
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• in the absence of chloroquinone the highest transfection efficiency was with lOOng PEI in contrast 
to the result of the previous assay 

• chloroquinone increased transfection efficiency by 3 to 6 times at higher PEI concentrations 

there was no significant increase in transfection efficiency when the incubation time was increased 
from I hour to 2 hours 

• 18 hours after transfection was considered most appropriate for examination of gene expression 
due to the toxic effect of marker gene products. 

In summary, mild centrifligation (data not shown), the use of chloroquinone and the use of 25kD PEI all 
helped to improve the delivery of the marker genes to HT-2 cells. 

As used herein the word "comprises" is not exclusive, i.e. it indicates that the subject of the verb need not 
consist only of its object but may include the object of the verb and one or more additional elements. 
Cognate expressions are to be construed accordingly. 
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CLAIMS 

1. A product comprising a proliferativeiy active moiety linked to genetic or nucleic acid material 
which is zissociated with protective materiai. 

2. A product of claim 1. wherein the protective material comprises a micelle-forming or complex- 
forming material. 

3. A product of claim 2, wherein the complex-forming materiai comprises poiyiysine. 

4. A product of claim 2, wherein the micelle-forming material comprises one or more phospholipids. 

5. A product of any of claims I to 4, wherein the genetic material comprises an expression vector 
containing a gene encoding a protein and operably linked to a control sequence. 

6. A product of claim 5, wherein said gene is a cytotoxic gene, a defect correction gene or an 
immunogene. 

7. A product of claim 6, wherein the cytotoxic gene is for expressing an enzyme to convert a prodrug 
into a toxic drug. 

8. A product of claim 7, wherein the enzyme is thymidine kinase, cytosine deaminase, cytochrome P- 
450 or bacterial nitroreductase. 

9. A product of any of claims 5 to 8, wherein the control sequence comprises a CMV promoter. 

10. A product of any of claims 5 to 9, wherein the genetic material contains an episomal maintenance 
sequence. 

11. A product of any of claims 5 to 10, wherein the genetic material comprises two or more genes, the 
second and any subsequent genes each being operably linked to an internal ribosomal entry site. 

12. A product of any of claims I to 1 1, wherein the genedc material comprises a plasmid construct. 

13. A product of any of claims 1 to 4, wherein the nucleic acid material comprises an anti-sense 
sequence. 

14. A product of any of claims 1 to 13, wherein the link between said agent and said moiety is 
intracellularly cleavabie. 
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15. A product of claim 14, wherein the link is cleavable by acid hydrolysis. 

16. A product of any of claims 1 to 15, wherein target cells of the proliferatively active moiety have 
high affinity receptors therefor. 

17. A product of claim 16, wherein the proliferatively active moiety is a cytokine or growth factor or a 
molecule fiinctionally equivalent thereto. 

18. A product of claim 17, wherein the moiety is a cytokine or a molecule functionally equivalent to a 
cytokine. 

19. A product of claim 18, wherein the cytokine is an IL, a TNF, and M-CSF, an IFN, an FGF, an IGF, 
a TGF, a GM-CSF, an SCF. a G-CSF or an Epo. 

20. A product of claim 19, wherein the IL is IL-2 or IL-6, the TNF is TNF-a, IFN is IFNa, IFN-p or 
IFN-y and the TGF is TGFp. 

21. A product of claim 17, wherein the moiety is a growth factor or a molecule functionally equivalent 
to a growth factor. 

22. A product of claim 2 1 , wherein the growth factor is: 
Erythropoietin (Epo); 

GM-CSF; 
G-CSF; 

SCF (Stem cell factor); 

Muiti-CSF (also known as Inter leukin-3); 

M-CSF; 

E-CSF (or Interleukin-5); 

IGF-1 (insuiin-like growth factor); 

PDGF (Platelet-derived growth factor); 

TGF beta2 (Transforming growth factor-beta2). 

23. A product of claim 17 wherein the cvtokine or growth factor is a human cytokine or growth factor 
and said molecule is fiinctionally equivalent thereto. 

24. A product of any of claims 17 to 22, wherein said moiety is a recombinant human cytokine or 
growth factor, optionally modified by one or more amino acid alterations. 
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25. A product of claim 24, wherein the recombinant human cytokine is recombinant IL-2. 

26, A product of claim 25, wherein the recombinant IL-2 is desalai-IL-2 seri25 

5 27. A product comprising a biologically active agent which is provided with a protective material and 
linked to a cytokine or growth factor or to a molecule functionally equivalent thereto, the biologically active 
agent being selected from the group consisting of genetic material and antisense nucleotide sequences, and 
the cytokine or growth factor having target ceils capable of presenting a high affmit>' receptor therefor. 

10 28. A product of claim 27, which further includes the feature(s) recited in one or more of claims 2 to 
10, 19,20 or 22 to 26. 

29. A product comprising first domain which comprises an IL-2 sequence functional to be recognised 
by hiah affmit>- IL-2 receptors and to promote proliferation linked to a second domain which comprises a 

'5 biologically active agent selected from the group consisting of antisense nucleotide sequences and genetic 
material. 

30. A product of any of claim 29 which flirther includes the feature(s) recited in one or more of claims 
2 to 12, 

31. A product comprising a proliferativeiy active moiet\' linked to a nucleotide which is associated with 
cationic DNA-binding material. 

32. A product of claim 31, wherein the DNA-binding material comprises a polymer, a liposome or a 
25 dendrimer. 

33. A product of claim 32, wherein the polymer comprises polylysine, a polylysine derivative or 
polyethyleneimine. 

30 34. A product of any of claims 3 1 to 33, wherein the DNA-binding material forms a bridge between the 
active moiet\' and the nucleotide. 

35. A product of any of claims 3 i to 34, wherein the DNA-binding material forms a complex with the 
nucleotide, 

35 

36. A product of any of claims 31 to 35, wherein the nucleotide comprises genetic material as defined 
in any of claims 5 to 12 or an anti-sense sequence. 
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37. A product of any of claims 3 1 to 36, which further includes the feature(s) recited in one or more of 
claims 14 to 26. 

38. A product comprising a first domain which comprises an IL-2 sequence functional to be recognised 
5 by high affinity IL-2 receptors and to promote proliferation linked to a second domain which comprises a 

gene for functional ADA, the gene optionally being associated with protective material. 

39. A product comprising a functional IL-2 linked to an expression vector comprising a gene for 
functional ADA. 

10 

40. A product of any of claims I to 39 for use as a pharmaceutical. 

41. The use of a product of any of claims 1 to 40 for the manufacture of a medicament for treating by 
therapy or prophylaxis a disease or disorder involving cells bearing a high affmity receptor for a 

e1 5 proiiferatively active moiety. 

J? 42. The use of claim 41, wherein the product comprises a proiiferatively active moiety having IL-2 
L-J function and the disease or disorder is an autoimmune disease, transplant rejection, graft-versus-host- 
disease, a retroviral disease or a lymphoproliferative disease. 

^20 

43. A pharmaceutical formulation, comprising a product of any of claims 1 to 40 formulated for 
CJ pharmaceutical use. 

44. A pharmaceutical composition, comprising a product of any of claims 1 to 40 and a 
25 pharmaceutical ly acceptable diluent, excipient or carrier. 

45. The use of a product of any of claims 1 to 40 for the manufacture of a medicament for internalising 
the biologically active agent into a cell having a high affmity receptor for the proiiferatively active moiety, 
cytokine or growth factor of the product and optionally for stimulating lymphocyte proliferation, 

30 

46 A method of treating by therapy or prophylaxis a disease or disorder involving cells bearing a high 
affmity receptor for a proiiferatively active moiety, comprising administering to a patient an effective 
amount of a product of any of claims 1 to 40, which product includes a proiiferatively active moiety having 
high affmity for said receptor. 

35 

47. A product comprising a moiety which is proiiferatively active linked to encapsulated or complexed 
nucleic acid material selected from the group consisting of expression vectors and anti-sense sequences. 
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48. A product comprising a moiety having M-CSF, SCF or GM-CSF function linked to a functional 
acid sphingomyelinase gene. 
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1. Cells with high affinity IL2 receptors take up many IL2 molecules 

in a receptor mediated mechanism of response (and the linked molecule) 

2. Intemalised DNA polylysine complex migrates to nucleus, avoiding lysosomal 
trap and expresses the linked gene. The expression of the linked gene is enhanced 
by the IL2 induced replicative response 
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Activation of Proleukin using 
N-succinimidvl 6"f3M2-pvridvldithiolpropionamidol hexanoate (LC-SPDP^ 




Lanes as marked on the image above contain the following: 
1 : Molecular Weight Markers 
2: Control Reaction (DMSO only) 

3: LC-SPDP Activation reaction (2mM LC-SPDP for 40 minutes) 
4: Molecular Weight Markers 

Fig 5 
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COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the origmal, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled GENE THERAPY PRODUCTS, the specification of which 

□ is attached hereto. 

□ was filed on ^as United States Patent Application No. . 

lEI was described and claimed in PCT International Apphcation No. PCT/GBQ0/Q2Q14. filed on 5 June 2000 
and as amended under PCT Articles 1 9 on (if applicable). 

□ and was amended on (if applicable). 

□ with amendments through (if appUcable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defmed in 37 C.F.R 
§ 1.56, If this is a contmuation-in-part application filed under the conditions specified in 35 U.S.C. § 120 which 
discloses claims and subject matter in addition to that disclosed in the prior copending application, I further 
acknowledge the duty to disclose material information as defmed in 37 C.F.R. § 1.56 which occurred between the 
filing date of the prior application and the national or PCT international filing date of the continuation-in-part 
application. 

I hereby claim foreign priority benefits under 35 U.S.C. § 1 19(a)-(d) of any foreign application(s) for patent 
or mventor's certificate or of any PCT international application(s) designating at least one country other than the 
United States of America hsted below and have also identified below any foreign appHcation(s) for patent or 
inventor's certificate or any PCT international application(s) designating at least one country other than the United 
States of America filed by me on the same subject matter having a filing date before that of the applications(s) on 
which priority is claimed: 

9912807.6 Great Britain 3 June 1999 ^ □ 

Number Country Day/Month/Year Filed Yes No 



I hereby claim the benefit under 35 U.S.C. § 1 19(e) of any United States provisional application(s) listed 

below: 

60/137,592 3 June 1999 

Application Number Filing Date ~ 



I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s) or § 365(c) of any PCT 
mtemational application(s) designating the United States, listed below and, insofar as the subject matter of each of 
the claims of this application is not disclosed m the prior United States or PCT International application in the 
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maimer provided by the first paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the duty to disclose 
material information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between the 
filing date of the prior application and the national or PCT international filing date of this application: 

PCT/GBOO/02014 5 June 2000 ^ pending 

Application Number Filing Date Status: patented, pending abandoned 



I hereby appomt the practitioners associated with the customer number provided below to prosecute this 
application, to file a corresponding international application, and to transact all business in the Patent and Trademark 
Office connected therewith: 
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Reg. No. 
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BUNKER, Gillian ^.A^ 
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I hereby grant the law firm of Klarquist Sparkman, LLP, the power to insert on this Combined Declaration 
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rules of the United States Patent and Trademark Office for submitting this document. 

Address all telephone calls to Susan Alpert Siegel, Ph.D. at telephone number (503) 226-7391. 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fme or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statfementsmayjeopardizethe validity of the 
application or any patent issued thereon. 



Name of First or Sole Inventpr: Christopher Ralph Franks 
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Citizenship: Great Britain 
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Name of Second Inventor: 
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Ruggero Delia Bitta 
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Citizenship: Italy 
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Name of Third Inventor: Norman James Maitland 
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1 hereby declare that all siatements made herein of my own knowledge are true and fliat all statements made ' 
on information and belief are believed to be true; and fiuther thai ±ese statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 
100! of Title 18 of the United States Code and that such willful felse statements may jeopardize Ihe validity of the 

application or any patent issued thereon. 
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